Some complexes of transition metals with substituted anilines. by Butcher, Anthony Vincent.
1150272 
[1
t5 y u 5 u z 7 )PS
BUTCHER.. RU.-- SOME COMP
ProQuest Number: 10130476
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uesL
ProQuest 10130476
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
SOME COÎ.ÜPLBXBS OP THMSITION M A L S  WITH
SUBSTHOTBI» AHILI1«
A T h es is  presented, to  th e  U n iv e rs ity  o f  
S urrey  fo r  th e  degree o f  D octor o f P h ilosophy  in  
th e  F acu lty  o f B io lo g ic a l and Chemical S c ien ces .
By
AllTHOM VIHCBHC BUTCHER
The In o rg an ic  R esearch L a b o ra to r ie s ,
Chem istry D epartm ent,
U n iv e rs ity  o f S u rrey ,
London, S.W .11. J u ly ,  1968
( i i )
A B S T R A C T
The p re p a ra t io n  and p ro p e r t ie s  o f some n i c k e l ( l l )  and c o b a l t ( l l )  
complexes w ith  s u b s t i tu te d  a n i l in e s  a re  d e sc rib e d . A n a ly tic a l ,  m agnetic 
and s p e c tr a l  d a ta  a re  used to  e lu c id a te  th e  s t r u c tu re s  o f th e  complexes*
The r o le  o f polyatom ic an ions in  th e  complexes has been determ ined 
from t h e i r  in f r a r e d  s p e c tra ,
T e tra f lu o ro b o ra te  io n  i s  r e lu c ta n t  to  c o o rd in a te  in  t h i s  system  
and only complexes o f  th e  type  [k i( a n i l in e )^ ]  (BP^)^ a re  o b ta in ed . In  
c o n t r a s t ,  c o o rd in a tio n  o f p e rc h lo ra te  io n  in  complexes o f th e  ty p e  t r a n s -  
|k l(a n il ln e )^ (O lO ^ )^ ] i s  found and a number o f s p e c tr a l  param eters f o r  th e  
complexes are  given*
Complexes o f n ic k e l oyan a te , th io c y a n a te  and selenooyanate  a re  
d esc rib e d  and i t  i s  shown th a t  th e  type o f complex o b ta in ed  w ith  th e se  s a l t s  
i s  s tro n g ly  dependent on th e  p o s i t io n  o f th e  s u b s t i tu e n t  in  th e  a n i l in e  
l ig a n d . The th e rm ograv im etric  behav iour of some o f  th e  complexes has 
been in v e s t ig a te d .
E le c tro n ic  and in f r a r e d  s p e c tr a l  measurements have been carried ', 
out on a number o f  p re v io u s ly  re p o r te d  n ic k e l and c o b a lt h a l id e  com plexes. 
The f a r  in f r a r e d  s p e c tra  (400-30 cm o f th e  complexes p rep ared  
hero  a re  g iven  and th e  r e s u l t s  a re  d iscu ssed  in  term s o f  Group Theory,
( i i i )
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S E C T I O N  .1 
INTRODUCTION
-  2 T
A. HISTORICAL
The a b i l i t y  o f a n i l in e  to  form a d d itio n  oompounds w ith  m etal
s a l t s  has been known fo r  a very  long  tim e. The re a c tio n s  between
a n i l in e  and c o p p e r ( l l)  s a l t s ,  p a r t i c u la r ly  th e  su lp h a te , were o f e a r ly
i n t e r e s t ; s i n c e  c o p p e r ( l l)  c a ta ly s e s  th e  atm ospheric o x id a tio n  of
( q \a n i l in e  to  g ive a b la ck  d y e s tu f f ;  '  Numerous com plexes, u su a lly
T*r ("10—12)2:1 ( i . e .  i r '^ ( amine)gX2 ) w ith  m etal d ih a lid e s  have been re p o r te d ;
N u t ta l l ,  Sharp and co-w orkers have re p o rte d  complexes o f a n i l in e  w ith
t r a n s i t io n -m e ta l  h a l i d e s , s u l p h a t e s  and n i t r a t e s . I t  was
no t p o ss ib le  to  determ ine th e  type o f bonding o f th e  oxyanions from
in f r a r e d  s p e c tra .  T e n ta tiv e  assignm ents o f m e ta l-n itro g e n , rae ta l-
halogen and m etal-oxygen modes in  th e  f a r  in f r a r e d  re g io n  were made,
however no m agnetic o r n e a r  in f r a r e d  e le c tro n ic  s p e c tr a l  d a ta  were
re p o rte d  by th e se  w orkers. P rasad  and K fishnam urty have rep o rted ^^ ^)
i r o n ( l l )  io d id e  complexes w ith  s u b s t i tu te d  a n i l in e s ,  p repared  in  a i r .
The b la ck  co lo u rs  o f many o f th e  complexes suggest th a t  some o x id a tio n
had occurred .
( 17-"20 )Ablov and co-w orkers have shown' ' * from X-ray s tu d ie s
th a t  CoCl2 ( a n i l in e ) 2 s ZnX^( a n i l in e )^  (X « 01, Br o r l )  and Cdl2 ( a n i l in e )^
(21 )are  te t r a h e d r a l .  Jungbauer and C urran have s tu d ie d ' '  th e  in f r a r e d
s p e c tra  of a n i l in e  complexes w ith  m e ta l ( l l )  h a l id e s .  The NHg s t r e tc h in g
and bending f re q u e n c ie s  d ecreased  by about 200 -  100 cm  ^ and $0 ora***^
r e s p e c t iv e ly ,  on c o -o rd in a tio n . The NH^  wagging a b so rp tio n  appears
—1as  a s tro n g , sharp  band in  th e  I I 85 -  1010 cm re g io n . The medium 
in t e n s i ty  band a t  1277 om  ^ in  f r e e  a n i l in e ,  a ss ig n ed  to  th e  ON s tr e tc h in g  
frequency , i s  low ered by 70 -  40 cm  ^ on c o -o rd in a tio n , s im u ltan eo u sly  
lo s in g  in t e n s i ty .  A bsorp tions a t t r ib u te d  to  NHg rocld.ng v ib ra t io n s  
were re p o rte d  in  th e  reg io n  700 -  $68 cm Bands in  th e  45O -  370 om” ^
-  3
re g io n  are  s h i f te d  on average o f minus 12 om  ^ on N- d e u te ra tio n  and 
t h e i r  f re q u e n c ie s  d ecrease  in  th e  o rd e r P t > Pd > Cu > Ca > Mn > 2n > Cd,
( 22)These fre q u e n c ie s  a re  h ig h e r th a n  ex p ec ted ' '  f o r  m e ta l-a n ilin e  s t r e tc h in g  
v ib r a t io n s ,  and i t  was suggested  th a t  they  cou ld  be a s s o c ia te d  w ith  an 
a n i l in e  deform ation  v ib r a t io n  th a t  becomes s tro n g ly  in f r a r e d  a c t iv e  on 
complex fo rm atio n . A band i n  th e  365 om  ^ re g io n , s h i f t in g  on N- 
d e u te ra t io n  by approx im ate ly  $0 om"^, was a ss ig n ed  a t  l e a s t  in  p a r t  to  
an NHg v ib ra t io n ,  a lthough  i t  was suggested  th a t  th e  peaks were to o
( 23)s tro n g  fo r  th e  overtone o f  a to r s io n a l  mode. Hamburg has r e p o r te d ' * 
a number o f NHg and ON v ib r a t io n a l  fre q u e n c ie s  i n  th e  in f r a r e d  s p e c tra  
o f some m e ta l ( l l )  h a lid e  complexes o f numerous ary lam in es. Haigh
and co-w orkers have e x a m i n e d ^ t h e  in f r a r e d  s p e c tra  o f complexes o f 
z in c , cadmium and mercury h a l id e s  w ith  a number o f s u b s t i tu te d  a n i l in e s  
and have shown t h a t ,  in  th e  case  o f th e  z inc  and mercury com plexes, th e re  
seems to  be no c le a r ly  d e fin e d  r e la t io n s h ip  between NH s t r e tc h in g  f r e ­
quencies and th e  Hammett _ fu n c tio n s  o f th e  am ines, a . l in e a r  r e l a t io n ­
sh ip  e x i s t s  between th e  o*- fu n c tio n  and th e  ON s t r e tc h in g  frequency .
No d e ta i le d  study  o f th e  e le c tro n ic  s p e c tr a l  p ro p e r t ie s  of 
t r a n s i t i o n  m etal complexes w ith  s u b s t i tu te d  a n i l in e s  has been re p o r te d .
( 25)Lever and co-w orkers deduced ' '  t h a t  f o r  h a lo g en -b rid g ed , s ix -c o -o rd in a te
complexes o f th e  ty p e  N i(amine) (amine » a n i l in e ,  m -  to lu id in e ,2
p -  to lu id in e  X * 01 , Br) th e re  i s  no sim ple r e la t io n s h ip  between th e
pK^ value  o f  th e  amine and i t s  l ig a n d  f i e l d  s p l i t t i n g  p aram eter.
However, th e se  w orkers assumed 0^ symmetry fo r  th e  com plexes, which i s
in c o r re c t  and t h e i r  r e s u l t s  have s in c e  been c r it io ia e d ^ ^ ^ ^  by Goodgame
and co-w orkers. For th e  n i c k e l ( l l )  com plexes. Sharp and co-w orkers
3 3usin g  th e  t r a n s i t i o n  — ► '^T^^(F) as a c r i t e r i o n  o f  lig a n d  f i e l d
s tr e n g th ,  conoluded^^^*^  ^ t h a t i t h e  to lu id in e s  and th e  x y lid in e s  e x e r t
-  4
very  s im ila r  lig a n d  f i e l d s .
The only  h e x a k is -  a n i l in e  complexes p re v io u s ly  rep o rted ^  
are  |k i  ( 3 ,4 -% y lid in e) g] Ig  and |k i  ( 2 ,5-xy 1 id in e ) ^ ] B r^. However, i n
a d d itio n  H ieher and co-w orkers suggested^^^^ th a t  N itopdj^O lg (opd = 
£-phenylenediam ine) c o n ta in s  s ix  u n id e n ta te  opd m olecu les. T h is  was 
oonfirmed^^^^ hÿ Marks and co -w orkers, who a lso  re p o r te d  Ni(mopd)gClg 
(mopd -  4 -m ethy l-£ -pheny lened iam ine), T h e ir  work showed th a t  u n i-  
d e n ta te  behav iour was, in  g e n e ra l,  r a re  f o r  opd and mopd, u su a lly  only 
o ccu rrin g  w ith  complexes o f  th e  type NiL^Xg and NiL^Xg (L = opd o r 
mopd, X = h a l id e ) .
Lumme and P e lto n en  have studied^^^^ th e  m agnetic and therm o- 
g rav im e tric  p ro p e r t ie s  o f some o c tah ed ra l s u b s t i tu te d  a n i l in e  complexes 
o f n ic k e l w ith  th e  an ions c h lo r id e ,  brom ide, io d id e , n i t r a t e  and s u l­
p h a te . D ecom position re a c t io n s  on th e  therm obalanoe were g e n e ra lly  
o f th e  type NiL^X^ — » NiLgXg ----» MLXg — ^  NiXg,
5 -
B. USE OF PHYSICAL MEASURSMBNTS IN THE 
DETERMINATION OF THE STRUCTURE OF OO-QRDINATION COMPOUNDS
1 . In f r a re d  S p e c tra l Measurements 
In f r a re d  s p e c tr a l  measurements have been used e x te n s iv e ly  
to  determ ine th e  s t r u c tu re  o f compounds. T h is  procedure i s  p a r t i c ­
u la r ly  u se fu l in  th e  study  o f c o -o rd in a tio n  . compounds c o n ta in in g  poly­
atom ic an io n s. W ith l i n e a r  m olecules such as ON*” o r NOS” th e re  i s  no 
change in  symmetry on c o -o rd in a tio n , bu t c h a r a c te r i s t i c  s h i f t s  occur 
in  th e  fre q u e n c ie s  o f th e  in te r n a l  v ib ra t io n s  o f  th e  molecule* For 
th e  th io c y a n a te  an io n , fo u r  ways o f  bonding a re  p o s s ib le  s-
 NOS NOS -----  —  NOS------ NOS ^
The v a lue  o f th e  NOS bending v ib r a t io n  (fjjQg? iri f a c t  u su a lly  two v a lu e s , 
because o f th e  l i f t i n g  o f th e  degeneracy by l a t t i c e  o r  o th e r  e f f e c t s ) , 
th e  OS s t r e tc h in g  v ib r a t io n  (^ q^q) and to  a l e s s e r  e x te n t ,  th e  ON 
s t r e tc h in g  v ib r a t io n  (Vqjj) may be used as a c r i t e r io n  o f bond ty p e  
and t h i s  i s  d isc u sse d  in  more d e t a i l  in  S ec tio n  IV.
I f  a te t r a h e d r a l  m olecule (T^ symmetry) i s  co -o rd in a te d  
to  a m e ta l, th e  symmetry i s  low ered and s p l i t t i n g  o f th e  degenera te  
modes occurs to g e th e r  w ith  th e  appearance of new bunds in  th e  i n f r a ­
red  spectrum  co rrespond ing  to  Raman a c tiv e  bands in  th e  f re e  io n . 
C o rre la tio n s  f o r  T^, and 0^^ symmetries a re  g iven  in  Table 1 . 1 .
-  6 -
TABLE 1 .1 . CORRELATION TABLE FOR T_,, C^„. AND C_ .
P o in t Group ^1 V 3 V 4
E(E) P g fi.E ) FgX i.a)
°3v A ^(I,R ) E (I ,E ) A.j (I ,R )+ E (I,E ) a.,(i ,r )+e ( i , e )
°2v A ,(I ,E )  A ,( I ,E )  + h g (E )
A ,(I,E )+B  (I ,R ) 
+ B gfl.E )
A .( I ,E )+ B ,(I ,E )  
V  BgClfE)
I  = in f r a r e d  a c t iv e  R = Raman a c t iv e .
These phenomena may be i l l u s t r a t e d  by re fe re n c e  to  th e  su lp h a te  group:
0  ^ 0 0  ^ O-M 0 ^  0 M-0 , 0-M 
\ /  \ /  \  /  \  /
/ \  / \  / \  / \0 0 0 0 0 0 0 0
Free io n U n iden ta te B id en ta te B ridged.
(Td) (°3v) (C2v)
(30 ) * ' 'S im ila r  behav iour has been o b serv ed ' * w ith  th e  p e rc h lo ra te  
group by Hathaway and U n d e rh ill .  The e f f e c t  o f c o -o rd in a tio n  on
th e  in f r a r e d  bands o f ary lam ines has a lread y  been d iscu ssed  above.
2. E le c tro n ic  S p e c tra l Measurements 
The e le c tro n ic  s p e c tra  o f o c tah ed ra l and d is to r te d  octahed­
r a l  n io k e l ( l l )  and c o b a l t ( l l )  and, to  a l e s s e r  e x te n t ,  te t r a h e d r a l  ■ 
and d is to r te d  te t r a h e d r a l  c o b a l t ( l l )  compounds, have been s tu d ie d  in  
th e  p re se n t work. A summary o f th e o r e t ic a l  and experim ental d ev e l­
opments in  t h i s  f i e l d  i s  now g iv en .
^ 7 -
(a ) O ctahedral and T e trag o n a l N ic k e l ( I I )
Q
The energy le v e l  diagram  f o r  a d  io n  in  0^ gyimnetry i s  
g iven  in  F igu re  1 . 1 . There a re  th re e  sp in -a llo w ed  t r a n s i t i o n s ,
— " % g '  and h j g  ’ \ g ( P ) i  which g ive  r ia e ^ ^ l)
to  th e  th re e  main hands in  o c ta h e d ra l n i c k e l ( l l )  com plexes. Much 
weaker bands a re  sometimes observed and th e se  may be a ss ig n ed  to  t r a n -  
.s i t io n s  from th e  t r i p l e t  ground s t a t e  to  e x c ite d  s in g le t  s t a t e s .
For n i c k e l ( l l )  i n  th e  0^ symmetry, th e  energy o f th e  low est sp in -a llo w ed
3 3 (32)t r a n s i t i o n ,  ---- » T , g iv e s ' '  th e  lig a n d  f i e l d  s p l i t t i n g  p a ra -
m eter, lODq, d i r e c t ly .
Under a te tra g o n a l  p e r tu rb a tio n  th e  symmetry o f an octahed­
r a l  complex i s  low ered from 0^ to  cau s in g  f u r th e r  s p l i t t i n g  o f th e  
le v e ls  (F ig u re  1 .2 ) .  Thus f o r  te t r a g o n a l ly  d is to r t e d  s ix -c o -o rd in a te  
complexes o f n i c k e l ( l l )  s ix  main bands were expected  in  th e  e le c t ro n ic  
spectrum . However, u n t i l  r e c e n t ly ,  s p l i t t i n g  o f th e  low est s t a t e
(^Tgg in  0^ symmetry) only  was observed. D ragoP^^ Goodgame^^^^ and 
Busoh^^^) and t h e i r  co-w orkers r e c e n t ly  re p o r te d  s p l i t t i n g  o f th e  
^T^^(F) s t a t e .  In  some c a se s , r e s o lu t io n  o f th e  bands was improved 
by m easuring th e  d if fu s e  r e f le c ta n c e  s p e c tra  a t l iq u id  n itro g e n  tem per­
a tu re s .
The s p l i t t i n g s  o f th e  terras ^Tgg(F) and ^T^^(f) in  n i c k e l ( l l )  
complexes a re  - ^ ^ t  and 6Bs -  ^Dt re sp e c tiv e ly ;^ ^ '' Now Dt i s  r e la te d  
to  th e  p la n a r  and a x ia l  lig a n d  f i e l d s  (lO D q^ and 10Bq^ re s p e c t iv e ly )  
by th e  eq u a tio n
Bt =
Thus th e  energy v a lu e s  f o r  th e  t r a n s i t i o n s  between th e  energy 
le v e ls  d e riv ed  from th e  ^F te rm , in  symmetry are^^^^
CM
20000
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F I G .  1”! ENERGY LEVEL DIAGRAM FOR A cl^  ION .
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FIG.. 1 .2  m iP J M !  STATES OF THE d ELECTRONS OF MOKELCI I )  
IN VARIOUS EIWIROmiEijn'S.
T.   .........................
3g (Ti)
 — V ' )
 —
to ee_ Io n
-  10 -
3„  ,  ^  = lODq^- + 5Dqi“
SlG
^Bgg = lO B q^
-» *2g “ 1 8 % ^  -  4Ds -  5Dt
&  -  18D(1*^ + 2Da -  ^ D t-> g 4
The param eters Ds and Dt a re  defined^^^^ by M o ffit and B allh au sen .
The t r a n s i t i o n  i s  independent o f bo th  Ds and
Dt and may be used to  determ ine th e  in-plan©  lig a n d  f i e l d  s p l i t t i n g  
param eter 10D q^. I f  bo th  10D q^ and Dt a re  known, th e  a x ia l  lig a n d  
f i e l d  10Dq^; may be found. Goodgame and oo-w orkers note^^^^ th a t
lODq.^ f o r  th e  complex [ îî i(pyridine)^Xg"] (X = 01 , Br o r l )  i s  co n s id e r­
ab ly  h ig h e r th a n  lODq. f o r  | k i (p y r i d i n e ) ^ ^  and suggest th e  poss­
i b i l i t y  th a t  th e  in -p la n e  f i e l d  in c re a s e s  as th e  donor power o f th e  
a x ia l  lig a n d s  d e c re a se s . However, th e  r e s u l t s  reported^^^^  by Busch
and B rubaker seem to  c o n tra d ic t  t h i s  su g g es tio n . In  th e  s e r ie s  o f 
complexes [kiLXg] (X % 01 o r  NCS| L = 8 , S ^ -£ -x y ly l-2 ,3 -p e n ta n e -
d io n e b is(m ercap to e th y lim in e) ) ,  th e  p la n a r  lig a n d  f i e l d  caused by th e  
te t r a d e n ta te  m acrocycle in c re a s e s  w ith  in c re a s e  in  th e  a x ia l l ig a n d  
f i e l d .  Thus f o r  th e  complex [NiLBr^l, 10Dq.^ i s  g iven  as 10,200cmT^ 
w ith  a co rrespond ing  10Dq^ v a lue  o f 7400cm"^. The 10Dq^^ and lODq.^
v a lu es  fo r  th e  complex [NiL(N0 S )2^ a re  10 , 800om”  ^ and 12 , 800om"^ 
r e s p e c t iv e ly .
Goodgame has shotm ' * th a t  fo r  complexes o f th e  type  
[kiL^Xg] (L = h e te ro c y c lic  am ine, X % h a l id e ) ,  th e  ^Bg^ le v e l  moves 
to  a h ig h e r energy as th e  tem p era tu re  i s  low ered , and su ggests  th a t  
on c o o lin g , th e  in -p la n e  f i e l d  in c re a s e s  more th a n  th e  a x ia l  f i e l d ,  
which in  some case s  shows some tendency to  d e c re a se . The energy 
le v e l  diagram  i l l u s t r a t e s  th a t  th e  s in g le t  le v e ls  have e n e rg ie s  p a r a l l e l
t o  th e  ground s t a t e  and Goodgame has a s s i g n e d a  s ta t io n a ry  hand t o  
a sp in -fo rb id d e n  t r a n s i t i o n .
(b) O ctahedral and T e trag o n a l C o b a l t ( l l )
From th e  energy le v e l  diagram  f o r  d^ io n s  ( F ig .1 .3 ) i t  i s  
expected  th a t  th e re  w il l  be th r e e  main bands in  th e  e le c tro n ic  s p e c tra  
o f o c tah ed ra l c o b a l t ( l l )  com plexes, corresponding^^^ to  th e  t r a n s i -
t io n a  and '^T^g(F)------
However, th e  second t r a n s i t i o n  in v o lv es  a tw o -e le c tro n  p ro cess  and 
should  be much w eaker, th e re fo re  only  two main bands a re  u su a lly  obs­
erv ed . A s in g le  band in  th e  n e a r  in f r a r e d  re g io n  i s  a ss ig n ed  to  th e
t r a n s i t i o n  ^  . (F)  ► ^ T_ .1g 2g
The second band, o c c u rrin g  in  th e  v i s ib l e  re g io n  i s  u s u a lly  
s p l i t  in to  a number o f com ponents. The id e n t i f i c a t i o n  of th e se  comp­
onents has been th e  su b je c t o f d e ta i le d  s tu d ie s^ ^ ^  by a number o f 
w orkers. Weakliem^^^^ and Ferguson and co-w orkers^^^^, u s in g  low 
tem pera tu re  te ch n iq u es  have shown th a t  a sh o u ld er on th e  h igh  energy
s id e  of th e  v i s ib l e  a b so rp tio n  has an energy which can be p re d ic te d
2f o r  components o f th e  H le v e l  o f  th e  f r e e  ion* Weak ab so rp tio n s  on
th e  low energy s id e  o f th e  main v i s ib l e  band have been ass ig n ed  to
2t r a n s i t io n s  to  components of th e  G le v e l  o f th e  f r e e  io n . Lever
(39^and co-w orkers have concluded ' • ' th a t  a shou lder on th e  main v i s ib l e
band may be ass ig n ed  to  th e  ^T.j^(F) ----- » ^"^2g t r a n s i t i o n  i f  i t s  energy
i s  approxim ately  tw ice  th a t  o f th e  n ea r in f r a r e d  band.
D e ta ile d  s tu d ie s  o f d is to r t e d  o c ta h e d ra l c o b a l t ( l l )  complexes 
a re  r a r e ,  Ferguson has' s t u d i e d t h e  c r y s ta l  spectrum  of 
[co (p y rid in e )^ C lg ] ' i n  D^^ symmetry, u s ing  p o la r is e d  l i g h t .  The
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th re e  components o f th e  v i s ib l e  hand were ass ig n ed  to  t r a n s i t i o n s  to
th e  and components o f th e  (P l l e v e l .  A hand a t1g 2g 3g 1g
r a th e r  low er e n e rg ie s  was ass ig n ed  to  th e  ^  ^^2g ^?& K sition.
In  a study  o f th e  e le c tro n ic  s p e c tra  o f some c o h a l t ( l l ) - p y r id in e - h a lo -
a o e ta te  com plexes. Lever and co-w orkers have shown^^^^ th a t  a sh o u ld e r
on th e  main v i s ib l e  a b so rp tio n  band moves from th e  h igh  energy s id e
to  th e  low energy s id e  on changing th e  chromophore from OoO^Ng to  CoO^ÎÏ^.
By a p rocess  o f e l im in a tio n  th e y  have ass ig n ed  th e  peak and sh o u ld er
to  t r a n s i t io n s  to  th e  '^A  ^ and components o f th e  (P) le v e l  in2g g 1g
^4h The s in g le  band i n  th e  n ea r in f r a r e d  re g io n  i s  a s s ­
igned  to  th e  > ^"^g t r a n s i t i o n .  A weak a b so rp tio n  a t  app­
rox im ate ly  tw ice  th e  energy o f th e  low est t r a n s i t i o n ,  i s  ass ig n ed  to  
th e  t r a n s i t i o n .  I t  has been p o in ted  out th a t  a lthough
th e  symmetry o f th e  complexes approaches th e  r a t i o  r u le ,  as ap p lie d
to  o c tah ed ra l com plexes, may be used , i f  te tra g o n a l d i s to r t io n  i s  sm all.
(c) T e tra h e d ra l C o b a l t ( l l )
The e le c tro n ic  s p e c tra  o f te t r a h e d r a l  c o b a l t ( l l )  complexes 
(T^ symmetry), c o n s is t  o f two main bands w ith  a number o f weaker bands. 
The weak bands may be ass ig n ed  to  sp in -fo rb id d en  t r a n s i t io n s  and they  
w il l  no t be d isc u sse d  f u r th e r .  The two main bands, lo c a te d  in  th e
v i s ib l e  reg io n  (^Ag > '^T^  (P) ) and in  th e  n e a r  in f r a r e d  reg io n
(^Ag ------(P) ) a re  u su a lly  s p l i t  in to  a number o f  components.
Ferguson has suggested^^^^ th a t  th e  s p l i t t i n g  o f th e  low er ab so rp tio n  
band in  th e  s p e c tr a  o f some s o l id s  c o n ta in in g  th e  CoCl^" io n  occurs 
because o f s i t e  symmetry e f f e c t s .  For te t r a h e d r a l  complexes o f  th e  
type i'lLgXg, th e  symmetry i s  low ered from T^ to  Ferguson has
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s tu d ie d  th e  c r y s ta l  and s o lu t io n  sp e c tra  o f a number o f p y r id in e -  and 
p - to lu id in e -  c o b a lt h a l id e  com plexes, and has found th a t  one component 
o f th e  n ea r in f r a r e d  band i s  p o la r is e d  p e rp e n d ic u la r  to  th e  b c r y s ta l  
a x is .  Goodgame and Goodgame r e p o r t b a n d s  a t  about 4600 cm  ^ i n  
th e  d if fu s e  r e f le c ta n c e  s p e c tra  of some q u in o lin e -  and benzim idazo le- 
c o b a lt h a lid e  com plexes, which th e y  a ss ig n  to  components o f th e  
t r a n s i t i o n .  L ever and F elso n  have studied^^^^ th e  s o lu tio n  s p e c tra
of a s e r ie s  of complexes o f th e  typejpoLgXg3 (L = h e te ro c y c lic  amine,
X = 0 1 ,B r, I ,  UCO, ÎTOS o r NGSe), and have found th a t  f o r  a g iven  h a l id e ,  
th e  v i s ib le  band i s  r a th e r  in s e n s i t iv e  to  change o f amine. These 
w orkers have ass ig n ed  th e  th re e  components o f th e  n e a r in f r a r e d  band 
to  th e  t r a n s i t io n s  (Cg^ symmetry) ^Ag ----- > , ^Ag ----- » ^Ag
^Ag ------» ^Bg, i n  o rd e r o f in c re a s in g  energy . The ^Ag ----- » ^Bg comp-
—1onent d ecrease s  in  energy by as much as 1000 cm when th e  complex 
c o n ta in s  a n X -s u b s t i tu te d  p y r id in e , 10Dq v a lu e s  were c a lc u la te d  f o r  
th e  com plexes. These v a lu es  were found to  be in s e n s i t iv e  to  th e  
pK^ v a lu es  o f th e  am ines.
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G. REASONS FOR UITOERTAKING THE PBESEUT WORK.
The e f f e c t  o f s u b s t i tu t io n  on th e  donor p ro p e r t ie s  o f amines 
has been s tu d ie d  in  g re a t d e t a i l  f o r  e thy lened iam ine. Of th e  arom atic 
am ines, only p y rid in e  and i t s  d e r iv a t iv e s  have been in v e s t ig a te d  to  
any g re a t e x te n t .  The e f f e c t  o f s u b s t i tu t io n  on a p y rid in e  r in g  
may a l t e r  th e  c o -o rd in a tio n  a b i l i t y  o f th e  amine in  th re e  ways. In  
th e  f i r s t  p la c e , th e  pIC^  v a lu e  o f th e  amine w i l l  be a l te r e d ,  th u s  a f f ­
e c t in g  f-b o n d  fo rm atio n . Secondly, th e  iT -accep to r c a p a c ity  w i l l  change 
and th i r d ly ,  s t e r i o  e f f e c t s  may become o p e ra tiv e . The th i r d  poss­
i b i l i t y  i s  only  p robab le  i f  th e  s u b s t i tu e n t  i s  p o s itio n e d  nex t to  th e  
r in g  n it ro g e n . The p o s i t io n  i s  f u r th e r  com plicated  by th e  f a c t  th a t  
th e iT -a c c e p to r  c a p a c ity  o f th e  s u b s t i tu te d  amine i s  a fu n c tio n  o f th e  
in d u c tiv e  e f f e c t  and th e  resonance e f f e c t .  Some very  in t e r e s t in g  
e f f e c t s  have been observed^^^ re c e n tly  in  th e  n ic k e l p e rc h lo ra te  
and n ic k e l te t r a f lu o ro b o ra te  system s. Two ty p e s  o f complexes have 
been p rep ared ; b lu e , param agnetic complexes of th e  type  [iTiL^Xg]
(X = CIO^ o r BP^; L = p y r id in e , 3-brom opyrid ine, 4- i s o - p ro p y lp y rid in e  
and 3 , 5-d im e th y lp y rid in e ) , and y e llow , d iam agnetic complexes o f th e  
type [WiL^3 BF^; L = 4 -m ethy lpy rid ine  and 4 -am in o p y rid in e ).
As none o f th e  p y rid in e s  in  th e se  complexes have s u b s t i tu e n ts  in  th e  
o r th o -  p o s i t io n s ,  s t e r io  e f f e c t s  may be regarded  as  minim al. B u ll 
and o o - w o r k e r s h a v e  concluded th a t  th e '» -b o n d in g  c a p a c ity  i s  th e  
most im portan t f a c to r  govern ing  th e  type of complex th a t  i s  formed.
Now"«-bonding i s  reduced  to  a minimum in  a n i l in e  com plexes, and sub­
s t i t u t i o n  on th e  r in g  on ly  e f f e c t iv e ly  a l t e r s  th e  pK^ value o f th e  amine.
On com parison o f th e  m etal h a l id e -p y r id in e  system  w ith  th e  m etal h a l id e -
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a n i l in e  system , v ery  l i t t l e  d if fe re n c e  in  ty p es  o f complex i s  found.
The p re se n t work was undertaken  to  p repare  complexes o f s u b s t i tu te d
a n i l in e s  w ith  n ic k e l p e rc h lo ra te  and n ic k e l te t r a f lu o ro b o ra te  and to
compare t h e i r  p ro p e r t ie s  w ith  th o se  complexes of th e  p y rid in e  sydtera.
There i s  c u rre n t i n t e r e s t  in  th e  e f f e c t  o f d i s to r t io n s  from 0, andh
T^ symmetry on th e  e le c tro n ic  s p e c tra  of t r a n s i t i b n  m etal com plexes. 
W ith in  a r e la te d  s e r ie s  of s u b s t i tu te d  a n i l in e  complexes i t  i s  p o ss ib le  
to  smoothly a l t e r  one component o f th e  lig a n d  f i e l d ;  th u s  c o r r e la t io n s  
between v a r io u s  param eters  o f th e  complexes and l ig a n d s ,  w ith in  a s e r ie s ,  
should  be o b ta in ed  more e a s i ly .
S E C T I O N  I I
BXPERimNTAL METHODS
— 1 T T*
1. P u r i f ic a t io n  o f Compounds Used as L igands*
The s u b s t i tu te d  a n i l in e s  were p u r i f ie d  by d i s t i l l a t i o n  o r 
by r e o r y s t a l l i s a t i o n  from s u i ta b le  s o lv e n ts , u n t i l  m e ltin g  p o in ts ,  
or b o i l in g  p o in ts  were in  agreement w ith  l i t e r a t u r e  v a lu e s .
2 .  P re p a ra tio n  o f M e ta llic  S a l t s .
E th a n o lio  s o lu tio n s  o f co b a lt io d id e , n ic k e l io d id e , n ic k e l
th io c y a n a te  and n ic k e l se lenooyanate  were p repared  by u sin g  th e  methods 
f 51 )d e s c r i b e d * by Goodgame and V enanzi.
N ickel p e rc h lo ra te ,  n ic k e l te t r a f lu o ro b o ra te  and c o b a lt 
p e rc h lo ra te  were p repared  as th e  h y d ra ted  s a l ts . ,  accord ing  to  th e  
methods d e s c r i b e d ^ b y  Sharp and co-w orkers.
3» A n a ly tic a l M ethods.
(a) D eterm ination  o f th e  M eta l.
In  every  d e te rm in a tio n  i t  was n ecessary  to  remove th e  o rgan ic  
m a te r ia l p r io r  to  a n a ly s is  o f th e  m e ta l. A weighed sample (O .2 -0 .4  g) 
o f th e  complex was t r e a te d  w ith  a m ixture o f c o n ce n tra te d  su lp h u ric  
ac id  (6 m l), co n c e n tra te d  n i t r i c  ac id  (6 ml) and co n ce n tra te d  p e rc h lo r ic  
a c id  (l m l). The m ix ture was th en  heated  on an e l e c t r i c  h o tp la te ,  
u n t i l  copious w h ite  fumes were evolved .
For n ic k e l a n a ly se s , th e  m ixture was th en  coo led , d i lu te d  
w ith  w ater and analysed  f o r  th e  m etal g ra v im e tr io a lly  as th e  d irae th y l- 
g lyoxim ate, u s in g  th e  tech n iq u e  d e s c r i b e d ^ b y  Vogel.
When a n a ly s in g  f o r  c o b a l t ,  th e  ac id  m ixture was evapora ted  to  
d ry n ess . The re s id u e  was d is so lv e d  in  w ater and th e  c o b a lt was d e te r ­
mined g ra v im e tr io a lly  as th e  p y r id in e - th io c y a n a te  complex, u sin g  th e  
method d esc rib e d  by V ogel.
(b) De te rm in a tio n  of Selenium .
The complex (0 .3  -  0 .4  g) was t r e a te d  w ith  w ater (50 ml) and
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th e n  co n ce n tra te d  h y d ro ch lo ric  a c id  (50 m l) . A so lu tio n , o f hyd ro x y l- 
ammonium liyd rooh lo ride  (25%j 10 ml) was th en  added. The m ixture was 
warmed on a steam  h a th  f o r  about h a l f  an hour. The p r e c ip i ta te d  red  
selenium  was f i l t e r e d  in to  a weighed s in te re d  g la s s  c ru c ib le ,  washed 
w ith  d i lu te  h y d ro ch lo ric  a c id  (tw ice  w ith  5 ml p o r t io n s ) , w ith  w ater
(tw ice w ith  10 ml p o r t io n s ) ,  w ith  e th an o l (tw ice  w ith  5 ml p o r t io n s ) ,
and d r ie d  a t  110* to  co n s ta n t w eigh t.
(0 ) D eterm ination  o f Carbon, Hydrogen and N itro g en .
These elem ents were determ ined m ic ro a n a ly tio a lly  by Dr. A. 
B ernhard t a t  th e  Max P lanck  I n s t i t u t e ,  MUlheim (R uhr), West Germany.
4 . I n f r a re d  S p e c tra .
R outine s p e c tra  in  th e  range 4OOO -  65O cm  ^ were ob ta in ed  
on a Unlearn S .P .200 spec tropho tom eter u sing  n u jo l and hexaohlorobutad iene 
m ulls between sodium c h lo rid e  windows. A ll f ig u re s  quoted in  th e  
ta b le s  were from s p e c tra  o b ta in ed  on a G rubb-Parsons S pectrom aster g r a t ­
in g  spec tropho tom eter in  th e  range 40OO -  400 om""^  u s ing  m ulls between 
potassium  bromide p la te s .
5* P ar In f ra re d  S p e c tra .
S p ec tra  in  th e  range 530 -  30 cra”  ^ were ob ta in ed  on an R . I . I .C .  
Model PS 720 In te r fe ro m e te r ,  used in  co n ju n c tio n  w ith  an E l l i o t t  503 
com puter. Wujol m ulls were used between po ly thene windows. The 
sam pling o f l iq u id s  was perform ed by s e a lin g  th e  l iq u id s  in  po ly thene 
bags,
A number of s p e c tra  were ob ta ined  in  th e  range 530 -  310 cm"'  ^
on a Beckmann IR 11 g ra t in g  spec tropho tom eter to  check th e  o v erlap  
range o f S pectrom aster and th e  In te r fe ro m e te r .
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6. MagnetiQ  M easurements.
The Gouy method was used to  measure room tem pera tu re  m agnetic
( 53)moments. The c o n s tru c tio n  o f th e  balance has been d esc rib e d ^  ^ p rev­
io u s ly .
The gram s u s c e p t i b i l i t y , i s  g iven  by th e  ex p ress io n  :
P
where g = a c c e le ra t io n  due to  g ra v ity  
1 » le n g th  o f sample
w = change in  w eight on a p p l ic a t io n  o f th e  f i e l d  
¥  = w eight o f sample 
K = f i e l d  s t r e n g th .
A diam agnetic  c o r re c t io n  f o r  th e  sample tu b e  was made to  w 
b efo re  i t  was s u b s t i tu te d  in  th e  above form ula. The gram su sc e p t­
i b i l i t y  was m u lt ip l ie d  by th e  m olecu lar w eight to  g ive  th e  m olar su sc­
e p t i b i l i t y  and a  c o r re c t io n  a p p lie d  fo r  th e  diam agnetism  o f th e
lig a n d s  u sing  P a s c a l’ s c o n s ta n ts  to  g ive th e  c o rre c te d  molar su sc e p t­
i b i l i t y  %  . The e f f e c t iv e  m agnetic moment u. „„,was th e n  c a lc u la te d'A'   —
u sin g  th e  fo rm ula ,
/ e f f  =
where T = a b so lu te  tem p era tu re .
7* E le c tro n ic  S p e c tra .
D iffu se  r e f le c ta n c e  s p e c tra  in  th e  range 29,000 -  10,000 cm  ^
were ob ta in ed  on a Unioam S .P .500 spectropho tom eter, f i t t e d  w ith  a 
Unioara S .P .890  r e f le c ta n c e  a ttach m en t, w ith  a magnesium carb o n a te  b lock  
as  th e  re fe re n c e  m a te r ia l .  A Beolcnann DK2A spectropho tom eter was 
used to  o b ta in  s p e c tra  in  th e  range 20,000 -  4 ,000 om"^, w ith  magnesium
20
oxide as th e  re fe re n c e .
D iffu se  re f le c ta n c e  s p e c tra  in  the  range 30,000 -  4000 cm  ^
were a lso  ob ta in ed  on a Unioam S .P .700 spectropho tom eter u s in g  li th iu m  
f lu o r id e  as th e  re fe re n c e  m a te r ia l .  D iffu se  re f le c ta n c e  s p e c tra  were 
measured a t l i q u id  n itro g e n  tem p era tu res  on th e  S .P .700, u sing  th e  
attachm ent shown in  F ig u re 2 ,1 . The l iq u id  n itro g e n  c o n ta in e r  c o n s is te d
o f a hollow , s t a in le s s  s te e l  tu b e , c lo sed  a t one end, and surrounded by 
a la y e r  o f expanded p o ly s ty re n e . The o rgan ic  m a te r ia l was surrounded 
by a b ra s s  ja c k e t .  The c o n ta in e r  was p laced  on th e  sample h o ld e r  so 
th a t  th e  c lo sed  end of th e  tu b e  was in  co n tac t w ith  th e  sample h o ld e r. 
L iqu id  n itro g e n  was th en  poured in to  th e  tube  u n t i l  th e  tem pera tu re  
e q u ilib riu m  was reached (about tw enty  m in u tes). Dry n itro g e n  was 
blown th rough  a th in  tu b e , onto th e  underside of th e  s i l i c a  window on 
the  sample h o ld e r , to  p reven t f r o s t in g  and th e  subsequent lo s s  of energy 
reac h in g  th e  d e te c to r .
S o lu tio n  s p e c tra  were ob ta ined  on th e  S .P .700 u sing  1 cm 
s i l i c a  c e l l s .
8 .  Therm ograv im etric Measurem ents.
A S tan to n  type  UT-D therm obalanoe was used to  in v e s t ig a te  th e  
therm ograv im etric  behav iou r o f  some o f th e  com plexes. The ba lance  was 
of th e  d e f le c t io n  ty p e , having  a s e n s i t i v i t y  o f 0 .1  mg and in c o rp o ra tin g  
an au tom atic  w e ig h t-lo ad in g  dev ice  which enabled  w eight lo s s e s  of up to  
0 .1  g ( te n  c h a r t w id ths) to  be fo llow ed co n tin u o u sly ,
A platinum /rhodium  wound fu rnace g iv in g  a maximum tem pera tu re  
o f 1400*^  C was used in  co n ju n c tio n  w ith  a h igh-low  v o l t  age-tem pera tu re  
programmer, A l i n e a r  h e a tin g  r a t e  of 3*^  p e r minute was used.
O xidation  of th e  complexes was p reven ted  by conducting  th e
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ru n s  in  an upflow o f n it ro g e n , which a lso  swept away any v o l a t i l e  p ro ­
d u c ts .
Tem peratures were measured by a therm ocouple d i r e c t ly  in  
c o n ta c t w ith  th e  sample c o n ta in e r .
Li q u i d  ni trog<?n
RgflectQiSTice o ttochm eatsp, 700
s s c T I  0 N I I I  '
COmEXBS OF NICICSL(II) TETRAELUQROBORATE, 
MCI<EL(II) PERCHLORATE COBALT (I I )  PERCHLORATE
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A. THE PREPARATION OP THE COMPLEXES.
A n a ly tic a l d a ta  f o r  th e  n ic k e l te t r a f lu o r o h o r a t s j  n ic k e l perch­
lo r a t e  and c o h a lt p e rc h lo ra te  complexes are  g iven  in  Tahle 3*1* A ll 
th e  complexes d e sc rib e d  in  t h i s  s e c tio n  a re  new , except th e  two p y rid in e  
c o m p l e x e s . I n  g e n e ra l,  th e  complexes were p repared  hy t r e a t i n g  a 
s o lu tio n  o f th e  h y d ra ted  m etal s a l t  in  is o -p ropano l w ith  2 ,2 -d im ethoxy- 
propane, adding a s o lu tio n  o f th e  amine in  benzene and d i s t i l l i n g  under 
reduced p re ssu re  u n t i l  th e  p roduct c r y s ta l l i s e d  o u t. Using n ic k e l 
te t r a f lu o r o b o r a te ,  only a n i l in e  (pïCa = 4*60) or th o se  s u b s t i tu te d  a n i l in e s  
having pKa v a lu es  g r e a te r  th a n  4*60, to g e th e r  w ith  ^ -a n is id in e  (pKa = 4*52) 
and jD -phenetidine (pKa = 4*43), gave s o l id  p roducts  by t h i s  method.
Impure samples of what appear to  be complexes of th e  type jlfi(am ine)g j(B E ^)^
were ob ta ined  by h e a tin g  h y d ra ted  n ic k e l te t r a f lu o ro b o ra te  d i r e c t ly  w ith
\
o - to lu id in e  and o -o h lo ro a n i lin e .  A ll th e  complexes a to 'h y g ro sc o p ic .
The complexes w ith  £ -a n is id in e  and £ -p h e n e tid in e  were n o tic e a b ly  l e s s  ' 
hygroscopic th an  th e  o th e rs .
A ll th e  complexes were d r ie d  in  vacuo over calcium  c h lo r id e . 
Benzene and e th e r  were sodium -dried  b e fo re  u se , and n i t r ometbane 
was d i s t i l l e d  over barium  ox ide .
1• The N ickel T e tra f lu o ro b o ra te  Complexes.
N ickel te t r a f lu o r o b o r a te  (0.01 mole o f th e  hexahydrate) was 
d is so lv e d  in  i s o - propanol (lO ml) and 2 ,2-dim ethoxypropane (20 ml) and 
l e f t  o v e rn ig h t. A s o lu tio n  o f th e  amine (0 .06  mole) in  benzene (100 ml) 
was added and th e  m ixture was d i s t i l l e d  under reduced p re ssu re  (approx­
im a te ly  30 mm Hg) a t  approxim ately  30" u n t i l  th e  complex c r y s ta l l i s e d .
The complex was f i l t e r e d  o f f ,  washed w ith  1s1 i s o - propanol/benzene m ixture
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TABLE 3.1
ANALYTICAL DATA EOR THE COmSXBS
Complex
^  C a lc u la te d ^  Found
M C H N M C H N
9.32 45.70 4 .8 5 8 .8 9 9 24 46,20 4 ,4 0 8 ,8 5
8 .5 6 49.00 5.29 8 ,1 6 8 56 48 ,26 5 .5 2 8 .4 4
8 .5 6 49.00 5 .29 8 ,1 6 8 54 49.20 5 .2 5 8.21
8 ,5 6 49.00 5 .2 9 8 .1 6 8 56 49 .09 5 .43 8 .39
7 .68 37.50 3.13 7 .2 9 7 74 35.46 3 .4 2 6 .72
7.68 37.50 3.13 7 .2 9 7 77 36,80 3 .2 3 7.13
6.21 30.50 2.54 5 .92 6 26 30.91 2 ,49 5 .79
7 .8 3 44.80 4 .80 7 .47 7 76 44 .88 4 .8 9 7.54
7 .2 9 47 .64 5 .46 6 ,94 7 28 48 .37 5 .42 6,83
7 .2 9 47 .64 5 .46 6 .9 4 7 33 46 .52 5 .3 9 7.27
5 .18 25.37 2.12 4 .9 3 5 16 26.08 2.33 5 .0 4
7.91 51.60 5 .93 7 .5 4 7 92 49 .97 6 .2 9 8 .1 5
6 .4 9 30.10 2.86 5 .7 9 6 45 31.76 2.21 6 ,18
7.83 44.80 4 .8 0 7 .47 7 87 44 .97 4 .8 9 7.62
7 .2 9 47 .64 5.46 6 ,9 4 7 18 46 .73 5 .7 5 5 .95
6 .53 56,00 6,00 9 .33 6 53 55.25 5 .86 9 .58
5 .96 58.63 6.75 8 ,5 3 5 95 58 .19 6.82 8.60
7 .43 54.62 5.35 10.61 r .43  53 .29  5 .0 7  10.52
6 .72 57.60 6 .16 9.61 6 78 58.34 6.20 9.25
6 .72 57.60 6 .18 9.61 6 65 57.25 6.11 9 .00
6 .0 5 51.95 5 .58 8.66 6 18 53.15 5.91 8 .50
5 .5 7 54.62 6,26 7 .9 6 5 55 54.83 6 .0 9 8 .5 5
6 .13 60.03 6,88 8.76 6 11 60.01 6 .86 8.61
8.11 46.34 4 .9 7 7 .73 8 08 47 .43 4 .9 4 7 .93
7.53 49.23 5 .64 7 .17 7 53 50.31 5.60 6 ,95
9 .3 5 45 .69 4 .8 4 8 .88 9 27 46 .63 4.65 8.30
8 .5 9 48 .98 5 .27 8 .1 5 8 59 48 ,84 5 .7 2 7 .84
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Oo
a n il in e )^ (C IO ^ ) 2
o - to lu id in e )^ (C 1 0 ^ )2
m --fcoluidine)^(C 10^)2
£ - t  o lu i  d in e ) ^(C1 0 ^ )^
o - o h lo r o a n i l in e ) . (CIO ,), 4- 4 'm - c h lo r o a n i l in e ) .(0 1 0  )4 '2
m-bromoaniline)^(C10^) 
m ~ anisid ine)^(010^)2  
m -pbenetid ine)^(C 10^)2  
2 -pbeneti dine)^(CIO^)^ 
m-i odoani1ine)^(C1 0 ^ ) 2  
2,5-xylidine)^(CIO^)^
3 , 4 - d ic h lo r o a n i l in e )  (C IO .)
o -a n i  s id in e )^ (C IO ^ ) ^ 
o -p h e n e tid in e )^ (C 1 0 ^ ^ 2  
m -to lu id in e )g (C lO ^ ) ^
3 ,4'“xyl i  d ine ) g ( 010^ ) 2 
a n ilin e )^ (B F ^ )2
m -t o lu i  d in e ) ^ (BP^) ^
]D-t o l u i  d ine  ) g ( BP^ ) 2  
2 - a n i  s id in e )  g (BP^ ) ^  
2 -p b e n e t id in e )  ^ (BP^) ^
3 ,4 -3 ty lid ine) g (BP^) 2
£ - a n i  s i  d in e  ) ^  ( BP^ ) ^ 
£ -p h e n e t i d i n e )^ (BP^) ^ 
a n il in e )^ (C 1 0 ^ )2
4 '2
Co(m“t o l u i d i n e ) - (CIO .)4 '2
( C o n t d . . . o, .
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TABLE 3.1 CONTINUED
Complex
M
fo C a lcu la ted  
C H N M
ÿ Pound 
0 H N
C o(ra-an isid ine)^(C 10^)2 7.85 44.79 4.80 7.47 7*80 43 .58 4 ,8 9 7 .64
C o(m -ch lo roan iline)^ (C 10^)2 7.70 37.50 3.13 7 .2 9 7.66 37.47 3 .69 7.06
C o (o -an l8id in e ) ^ ( 010^)2 7.85 44 .79 4 .80 7 .47 7.68 45 .44 5.01 7 .15
O o(3 ,4 -3y lid ine)g (C 10^)2 5.99 58.61 6 .74 8 .5 2 5.96 58.42 6 .9 8 8.20
*C o(pyrid ine)^(C 10^)2 10.28 10,16
*Co(2T-piooline)^(C10^)2 9.36 9 .39
* D escribed  in  r e f ,  50*
The lig a n d s  £ - a n is id in e ,  jd-  c h lo ro a n il in e ,  _£-brom oaniline, and 
£ - io d o a n i l in e  always gave c r y s ta l l in e  p roducts  c o n ta in in g  amine in  excess 
o f th a t  re q u ire d  f o r  t  e t  r a id s  fo rm u la tio n s ,
(Pound s Ni 7*1? 6 ,9  5*7 and 4*7 C alc , f o r  N i( am ine)^(C10^)g i 7 .8 ,
7 .7 , 6 ,2  and 5*2
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(two 5 id  p o r t io n s ) , benzene (two 5 ml p o rtio n s)  and dried*  The comp­
le x e s  fM  (_£-ani s id in s  ) (BP^) ^  and [m  (^-phenet id in e ) (BP^) g always 
co n ta in ed  amine in  s l ig h t  excess o f th e  amount re q u ire d  fo r  th e  h e x a k is -  
fo rm u la tio n s . The excess o f amine was removed by h e a tin g  on a therm o­
b alance to  th e  f i r s t  p la te a u  (page (>0),
Impure samples of N i(o y to lu id in e )^ (B P ^)^  and N i(£ -c h lo ro a n i l in e ) ^ 
(BP^ ) 2 were p repared  as fo llo w s . N ickel te t r a f lu o ro b o ra te  (O.OI mole 
o f th e  hexahydrate) was hea ted  w ith  th e  amine (20 ml) i n  a b o i l in g  tu b e .
As th e  tem pera tu re  was in c re a se d , w ate r condensed on th e  in s id e  o f th e
tu b e . The h e a tin g  was con tinued  u n t i l  a l l  th e  w ater had been e x p e lle d . 
D uring t h i s  p ro cess  th e  co lo u r o f th e  s o lu tio n  changed from green  th rough  
brown to  dark  re d . The s o lu tio n  was coo led , t r e a te d  w ith  benzene (15 ml) 
and poured in to  an excess o f 40 -60* l i g h t  petro leum  (200 m l). The pinlc 
p r e c ip i ta te  was f i l t e r e d  o f f ,  washed w ith  l i g h t  petro leum  ( f iv e  10 ml 
p o r tio n s )  and d r ie d .
U n sa tis fa c to ry  a n a ly t ic a l  f ig u re s  were o b ta in ed , p robab ly  bec­
ause of p a r t i a l  h y d ro ly s is  o f th e  te tr a f lu o ro b o ra te  io n s .  Many subs­
t i t u t e d  a n i l in e s  tu r n  red-brow n on s tan d in g  because o f a e r i a l  o x id a tio n  
and i t  i s  q u ite  p o s s ib le  th a t  th e  deep red  co lou r o f  th e  s o lu tio n  prod­
uced d u rin g  h e a tin g  was caused by o x id a tio n  o f th e  amine a lth o u g h , when
t h i s  procedure was re p e a te d  u s in g  a n i l in e  and m -to lu id in e , th e  s o lu tio n  
rem ained green-brow n. The pinlc c r y s ta l s  ob ta in ed  w ith  th e  two _o-sub- 
s t i t u t e d  a n i l in e s  were q u ite  lu s t ro u s  and f re e -f lo w in g  and th e re  was no 
ev idence to  suggest th a t  th e  c r y s ta l s  were a c tu a l ly  a green  compound 
which was coated  w ith  re d , o x id ise d  amine.
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2. The N ickel P e rc h lo ra te  Complexes.
(a) Bi spero h l o r a t  o t e t  raid, s ( a n i l  in e  ) n ic k e l ( I I  )
N ickel p e rc h lo ra te  (O.OI mole o f th e  hexahydrate) was d is so lv e d  
i n  i s o - propanol (10 ml) and 2 ,2-dim ethoxypropane (20 ml) and l e f t  overn igh t, 
A s o lu tio n  o f a n i l in e  (0 .0 4  mole) in  benzene (IOO ml) was added and th e  
m ixture d i s t i l l e d  under reduced  p re s su re  (approx im ate ly  30 ram Hg) a t  about 
3 0 ® , u n t i l  th e  complex c r y s t a l l i s e d .  The c r y s ta l s  were f i l t e r e d  o f f ,  
washed w ith  1s1 i s o - propanol/benzene m ixture (two 5 ml p o r t io n s ) ,  w ith  
benzene (two 5 ml p o r tio n s )  and d r ie d .
The p re p a ra tio n s  o f complexes o f th e  ty p e  N i( am ine)^(CIO^)^, 
where th e  amine may be m -to l u id in e , £ - to l  u id in e , m ran isidhne, £ - a n is id in e ,  
m -phene tid ine , £ -p h e n e tid in e , £ -o h lo ro a n i l in e ,  £ -b ro raoan iline  and £ -  
io d o a n ilin e  were s im i la r  to  th a t  f o r  N i(an ilin e )^ (C 1 0 ^ )2 . The complexes 
w ith  ^ - s u b s t i tu te d  a n i l in e s ,  except £ - to lu id in e  and £ -a n is id in e ,  always 
co n ta in ed  amine in  excess o f th a t  re q u ire d  fo r  te t r a k ls - fo rm u la t io n s .
The complex N i(p -p h en e tid in e )^ (0 1 0 ^ ) 2 was r e c r y s ta l l i s e d  from a m ixture 
o f benzene (20 ml) and i s o - propanol (5  m l). T h is  procedure was not 
p o s s ib le  w ith  th e  o th e r  complexes as decom position o f th e  complexes a l ­
ways occu rred . I t  was no t p o s s ib le  to  use th e  therm obalance to  remove 
th e  excess amine as th e  complexes were ex p losive  when h ea ted .
(b) Bi sp e ro h lo ra t o t e t raid, s ( o - t  o lu id in e ) n ic k e l (I I )
The method and q u a n t i t i e s  o f re a g e n ts  used were th e  same as f o r  ' 
th e  p re p a ra t io n  o f N i(a n il in e )^ (C 10^ ) 2 , except th a t  a f t e r  a d d itio n  of th e  
amine s o lu tio n , i t  was found n ece ssa ry  to  d i s t i l  th e  m ixture to  about one- 
h a l f  volume, to  add benzene (50 ml) and to  re p e a t th e  d i s t i l l a t i o n  to  
e f f e c t  c r y s t a l l i s a t i o n  o f  th e  complex. A s im ila r  method was used to
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p rep are  N i( amine)^(C10^)2? where amine = o -o îilo ro a n ilin e ^  m-ohlo ro a n i l in e , 
ra-hroraoaniline, m ~ iodoan iline , 2 ,5 -x y lid in e  and 3?4 '-d ic-h loroaniline*
(c) Te t r a k i s ( o - a n is id in e ) n io k e l( I I ) p e rc h lo ra te
N ickel p e rc h lo ra te  (0.01 mole o f th e  hexahydrate) was d is so lv e d  
i n  i s o - propanol (lO ml) and 2,2-dim ethoxypropane (20 ml) and l e f t  o v e rn ig h t. 
£ -A n is id in e  (0 .04  mole) was added w ith  o ccasional shak ing , and th e  complex 
c r y s ta l l i s e d .  The complex was f i l t e r e d ,  washed, and d r ie d  in  th e  u sua l 
way. The complex N i(£ -p h en e tid in e )^ (0 1 0 ^ )^  was p repared  u sin g  a s im i la r  
method excep t th a t  i t  was found n e c e s sa ry  to  add benzene (10 ml) w ith  th e  
amine to  e f f e c t  c r y s t a l l i s a t i o n .
(d) H exakis(3 >4 -% y lid in e)n ic k e l ( I I )  p e ro h lo ra te
The method used was s im i la r  to  th a t  used fo r  th e  p re p a ra t io n  o f 
N i( a n ilin e )^ (C IO ^ )2 » The q u a n ti ty  o f 3 ,4 -% ylid ine  used in  th e  p re p a ra tio n  
was v a r ie d  (0 .0 1 -0 .0 6  mole) bu t th e  6s1 complex w.as always o b ta in ed .
(e ) H exakis(m -to lu id in e )n io k e l( I I ) p e rc h lo ra te
N ickel p e rc h lo ra te  (0.01 mole o f th e  hexahydrate) was d is so lv e d  
in  i s o - propanol (lO ml) and 2,2-dim ethoxypropane (20 ml) and l e f t  o v e rn ig h t. 
To t h i s  s o lu tio n  was added a s o lu t io n  o f m -to lu id in e  (0 .0 6  mole) i n  benzene 
(50 ml) and th e  r e s u l t in g  m ixture was poured in to  e th e r  (200 m l). The 
complex was f i l t e r e d  o f f ,  washed w ith  e th e r  (two 10 ml p o rtio n s )  and dried*  
The 4 si complexes were o b ta in ed  w ith  a l l  o th e r  amines used , except 3 ,4 -  
x y lid in e  (which y ie ld e d  th e  6 s1 complex) u s ing  t h i s  method.
28 -
3, The C o b a lt( i l )  P e rc h lo ra te  Complexes
The c o b a l t ( l l )  p e rc h lo ra te  complexes were p repared  by methods 
analogous to  th o se  used fo r  th e  co rrespond ing  n ic k e l p e rc h lo ra te  complexes, 
To avoid o x id a tio n  o f th e  m etal d u rin g  f i l t r a t i o n ,  th e  f i l t e r  c ru c ib le  
was covered w ith  an in v e r te d  f i l t e r  funnel down which dry  n itro g e n  was 
blown w hile su c tio n  was be ing  a p p lie d . When d ry , th e  complexes were 
u n a ffe c te d  by atm ospheric oxygen.
The c o b a lt p e rc h lo ra te -p y r id in e  complexes were prepared  using  
a s im ila r  method to  th a t  f o r  th e  complex C o(aniline)^(C 10^)2*  A d i f f ­
e re n t method of p re p a ra t io n  fo r  th e  complexes Go(pyrid ine)^(C IO ^ )2 and 
Oo( 2^-picoline)^(C 10^)2ÿ i s  described^^^^ by Sharp and co-w orkers.
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B. RESUIÆS AND DISCUSSION
1• M agnetic Measurements 
M agnetic d a ta  f o r  th e  complexes a re  g iven  in  Table 3 .2 ,  The 
v a lu es  o f f o r  th e  n ic k e l and c o b a l t ( l l )  complexes a re  in  th e  usual 
range fo r  h ig h -sp in  s ix -c o o rd in a te  c o m p l e x e s . (^4) The v i s ib le  s p e c tra ,  
d iscu ssed  l a t e r ,  (see  page3^) a lso  in d ic a te  s ix -c o o rd in a te  s t r u c tu r e s .
2, In f r a re d  M easurements- 
A bsorp tions Asaopiat'dd w ith  th e " T e tr a f lu ô rb b n ra te ' and P e rc h lo ra te  Groups 
Assignment o f th e  bands a s s o c ia te d  w ith  th e  te t r a f lu o ro b o ra te  
and p e rc h lo ra te  groups (Table 3*3) has been aided  by com parisons o f  th e  
s p e c tra  o f complexes o f n ic k e l h a l id e ,  te t r a f lu o ro b o ra te  and p e rc h lo ra te  
w ith  th e  same am ines. The te t r a f lu o ro b o ra te  bands in d ic a te  th e  presence 
o f th e  uncoord ina ted  an ion , w ith  ab so rp tio n s  a t  approx im ately  1080 cm” '* 
( s tro n g , b road ) , 765 cm  ^ (medium, sharp) and 522 cm  ^ (medium, broad) a r i s ­
in g  from th e  and modes in  T^ symmetry* The band i s  th e o re t ­
i c a l l y  fo rb id d en  bu t u s u a lly  a p p e a r s p r o b a b l y  because of s o l id  s t a t e  
in te r a c t io n s .
The complexes N i(m-t o lu i  d in e ) ^(CIO^) ^ , N i(£ -a n is id in e )^ (0 1 0 ^ )g, 
N i(o -p h en e tid in e )^ (0 1 0 ^ )2 , 0 o (o -an is id in e )^ (C 1 0 ^)2  and O o (3 ,4 -x y lid in e )g  
(010^)2  have in f r a r e d  bands in d ic a t in g  th e  p resence o f io n ic  p e rc h lo ra te  
groups (T^ symmetry), analogous to  th o se  of th e  te t r a f lu o ro b o ra te  groups.
For th e  rem ain ing  com plexes, in f r a re d  s p e c tra  in d ic a te  th e  p resence 
o f u n id e n ta te  p e rc h lo ra te  groups. For u n id e n ta te  p e rc h lo ra te  (0^^ symmetry)
th e  and modes o f T^ symmetry beoome in f r a r e d  a c t iv e  and th e  Z / ^  and 
bands of T^ symmetry a re  each s p l i t  in to  two components (see  S e c tio n  I)  
and such behav iour i s  found h e re . In  p a r t i c u la r ,  th e  in te n se  broad
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TABLE 3 .2  
MAGNETIC DATA FOR THE COMPLEXES
Complex. (Cog.S.Uo
S 10^)
[c .g .s .u i
X 10^)
D
o .g .s .u
X 10^)
^ A
( o .g .s .u .
X 10^)
T
C'K)
^ f f
(B.M.)
H i(a n i l in e ) ^(BF^) ^ 5180 4094 337 4431 293 3.24
N i(m -to lu id in e )^ (bF^)^ 4400 3847 427 4274 297 3.20
Ni (£ - t  o lu id in e ) ^(BF^) ^ 4570 3993 427 4420 290 3.22
Ni (£ - a n is id in e )g (BF^)^ 4180 4060 457 4517 286 3 .23
N i(p -phenetid ine)g (B F ^)^ 3670 3873 547 4420 290 3.22
N i(3 ,4 -k y lld ln e )g (B F ^ )^ 4180 4000 516 4516 297 3 .2 9
N i(£ -an is id in e )^ (B P ^ )2 6350 4690 291 4881 294 3 .3 8
N i(o -p h e n e tid in e )^(BF^)^ 5250 4100 376 4476 287 3.22
Ni (_o-aiiisidine)^(C 10^) ^ 5000 3760 312 4072 298 3.13
Ni (£ -p b e n e tid in e ) ^ (C l0 ^ )^ 5200 4195 358 4553 295 3 .29
N i(m-t o lu id in e )g (OlO^)^ 4410 3978 409 4387 293 3.22
N i(3 ,4 -x y l id in e ) g (OlO^)^ 3890 3895 498 4393 293 3.23
N i( a n i l in 8 ) ^ ( 0 1 0 ^ ) g 6620 4110 246 4356 292 3.22
N i(o - to lu id in e )^ (C lO ^ ) ^ 5960 4095 294 4389 295 3.23
N i(m - to lu id in e ) . (CIO )4 ^  ^
N i(p - t  o lu i d in e ) ^ (010^) 2
6840 4695 294 4989 292 3.40
5830 4000 294 4294 293 3 .19
N i(m -a n is id in e )^ (010^)2 5490 4120 312 4432 292 3.18
N i(m -phenetid ine)^(C IO ^ )2 4860 3924 358 4282 292 3.23
Ni (£ -p h en e tid in e )^ (C 1 0 ^ )g 4940 3983 358 4295 289 3.17
Ni (_o-chl o ro a n il in e )  ^ (010^)2 5340 4104 364 4468 291 3.24
N i( m -o h lo ro an ilin e)^ (C 1 0 ^)2 5330 4095 364 4459 298 3.28
N i(m -h r o r a o a n ilin e )^ (010^ ) ^ 4330 4093 360 4453 295 3.25
(C o n td .
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TABLE 3 .2  CONTD.
Complex. (c . g* 8. U. 
X io9)
[o ig .S .U
X lo f )
D
(O.g. 8*u 
X 10*)
,o .g .s .u .
X 10*)
T
(B.M.;
N i(m -iodoan iline)^(C 10^)2 3440 3903 479 4382 293 3 .22
M ( 2 ,5 -xy lid ine)^ (Û IO ^)^ 5540 4110 288 4398 295 3 ,24
Ni ( 3 ,4-^dicîal or oani l i n e  ) ^  (CIO^) 2 4640 4200 438 4638 291 3 .30
C0 (3 ,4 - s y l id in e ) ^(CIO^)2 10080 9902 498 10400 294 4 .9 7
C 0 (o -a n is id in e ) ^(OlO^^ g 13280 9960 312 10272 291 4.92
Co(aniline)^(C10^)2 16000 10080 246 10326 291 4.94
Co(m-toluidine)^(010^)2 15400 10556 294 10850 293 5.O6
Ce(m-anisidine)^(CIO^)^ 13600 10198 312 10510 293 4.99
C0(m -chloroaniline)^(C10^)2 12720 9766 364 10130 292 4.89
TABLE 3 .3  
INFRARED ABSORPTIONS OF THE 
TETRAFLUOROBORATE AND PERCHLORATE GROUPS.
Complex A bsorp tion  Maxima(om  ^)
U ncoordinated Anion (T ,)
N l(an ilin e )g (B F ^ )g " * 410ÏÏ0 1 &
V 4
5??
N i(m-t o lu id in e ) ^(BF^)^ 1080 765 519 -
Ni (_£-t ol u id in e )  ^  (BF^) ^ 1080 761 523 —
Ni (^ -a n is id in e  ) ^  (BF^) ^ 1078 764 — -
Ni (g -phenetdd ine)  ^  (BF^)^ 1080 - -
N i(3 ?4 -k y lid in e ) g (BF^ )2 1078 767 522 -
Ni (£ -a n is id in e ) ^(BF^ ) ^ 1080 - 521 -
N i(o -p h e n e tid in e ) ^ (bf^ ) ^ 1080 - 522 -
N i(o - t  o lu id in e ) ^(BF^)^^ 1070 763 521 -
Ni (£“C h lo ro a n ilin e ) g (BF^) 2 ' 1080 762 518 -
N i(£ -an i s id in e ) ^(CIO^)g 1093 922 623 -
N i(o -p h en e tid in e )^ (C IO ^)g 1090 921 623 -
N i(m -to iu id in e)g (C 10^)2 1070 919 621 -
C 0 (o -an is id in e)^^C 1 0 ^)g 1075 927 624 -
C o (3 ,4 -xy lid ine)g (C 10^)2 1070 927 - 623 -
N i(an ilin e )^ (C 1 0 ^)2 V 41129
C oordinated  Anion (C^^)
1 ^ 2  l A
1009 900 633 M3
N i(o y to lu id in e )^ (010^)g 1130 1019 904 637 614
N i(m -to lu id in e ) ^(CIO ^)g 1124 1021 920 637 618
N i(£ -to lu id in e )^ (C 1 0 ^ )g 1126 1019 906 634 615
(C o n td .. .
TABLE 3 .3  CONTD4
Complex A bsorp tion  Maxima (cm” *)
C oord inated  Anion
l à  1 6
(C3v)
N i(m-ani s id in e )^ (C 10^)2 1124 1028 910 635 613 -
N i(£ -a n is id in e )^ (C 10^)g^^^ 1126 1020 916 633 613 —
N i(m -phene tid ine) ^(OlO^)^ 1126 1028 918 637 613 —
N i(^ -phenetid ine)^ (C IO ^)^ 1127 1022 917 630 613 -
Ni (jo-ohl o ro a n il in e  ) ^  (CIO^ ) ^ 1122 1015 909 638 611 -
N i(m -c h lo ro a n ilin e ) ^(CIO^)^ 1127 1027 913 637 617
Ni (£ -c h lo ro a n il in e ) ^ (CIO^)^ ^ 1115 1026 921 628 615 -
N i(m~brom oaniline)^(CIO^)^ 1126 1026 913 637 617 -
Ni (^-brom oanil in e )^ 1131 1021 915 637 611 -
N i(m -iodoan iline)^(C 10^)g 1131 1032 916 634 616 -
Ni (£ - io d o a n ilin e )^ (C 1 0 ^ )g 1130 1019 916 636 613 —
N i(2 , 5-x y lid in e )^ (C 10^)2 1136 1022 913 637 612 —
N i(3 ÿ 4”d ic h lo ro a n i l in e ) ^(OlO^) 2 I I 30 1020 908 6 3 8 620 -
M i(3,4-aylidinG)g(010 1139 1034 928 638 625 —
C o (an ilin e )^ (C 10^)2 1131 1012 895 631 618 —
C o(m -to lu id ine)^(C 10^)2 1126 1022 922 636 617 —
C 0 (m-ani s i  d in e ) ^(CIO^) ^ 1124 1028 916 635 618 —
0 0 (m -ch lo ro an ilin e )^ (C 10^)2 1132 1026 916 636 616 —
A dash in d ic a te s  th a t  th e  hand wag not observed , o r th a t  th e  
mode i s  in f r a r e d  . in a c t iv e .
(a) These complexes could  not be o b ta in ed  p u re .
(b) T h is  compound does no t c o n ta in  co o rd in a ted  an ions (see  t e x t ) «
T 34 —
envelope in  th e  1100 cm  ^ re g io n  in  symmetry) f o r  th e  io n ic  complexes 
i s  rep la ced  i n  every  case by a o h a r a o te r i s t i c  s e r ie s  o f in te n s e ,  sharp  
bands a s s o c ia te d  w ith  th e  and modes o f u n id e n ta te  p e rc h lo ra te  and 
w ith  lig a n d  a b so rp tio n s , th e re fo re  th e  s tru c tu re s  o f th e  complexes a re  o f 
th e  type jM(amine)^^(010^)g^ (M = Ni o r Co), As exam ples, th e  in f r a r e d  
s p e c tra  o f N i(ra-to lu id ine)g (C 10^)g  and N i(m -to lu id in e )^ (0 1 0 ^ )g  a re  shorn  
in  F igure  3 ,1 ,
As w ith  analogous p y rid in e  c o m p l e x e s t h e  band o f  u n id en t­
a te  p e rc h lo ra te  n e a r  450 cm  ^ has been d i f f i c u l t  to  id e n t i f y  in  every  ca se , 
p robab ly  because o f poor in s tru m e n ta l perform ance in  t h i s  re g io n  and th e r e ­
fo re  th e se  bands a re  no t re p o r te d . I t  was no t found p o s s ib le ,  f o r  th e se
com plexes, to  a s s ig n  overtone o r com bination bands w ith  any c e r t a in ty .
3# E le c tro n ic  S p e c tra l Measurements
a) The N ickel T e tra f lu o ro b o ra te  Complexes
These complexes show th e  tl ire e  sym m etrical r e f le c ta n c e  bands
(Table 3 ,4 ,  F igu re  3 .2 ) a ss ig n ed  to  th e  t r a n s i t io n s  — » ^T^ ()7 ) ,2g 2 g ' r  '
Agg — >■ h j g  — o f n ic k e l ( I I )  in  Oj^  sym m etiy^^ ''
Thus o c tah ed ra l s t r u c tu r e s  o f the  ty p e  ][Ni(amine)^^(BF^)^ fo r  th e  6 î 1 
complexes a re  confirm ed. Two weak a b so rp tio n s  a re  a lso  observed.
These two bands have been ass ig n ed  to  th e  sp in —fo rb id d en  t r a n s i t i o n s
\ g — \ g  —
These assignm ents have been checked by m easuring th e  s p e c tr a  a t 
^PP^^oxlmately 80 K. The th re e  main bands move to  h ig h e r e n e rg ie s , where­
as  th e  two weak bands rem ain s ta t io n a r y .  T h is  may be ex p la in ed  by r e f ­
erence to  th e  energy  le v e l  diagram  f o r  h ig h -sp in  n i c k e l ( l l )  (F igu re  1 .1 ) .  
C ooling th e  complex reduces th e  n ic k e l—lig a n d  v ib r a t io n s  causing  a narrow ing
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TABLE 3 .4
BLEGTRONIO (DIFFUSE REELECTAITCB) SPECTRA 
OP THE NICKEL TETRAPLUOROBORATE COMPLEXES AMD BASICITIES OP THE MMNE8
Complex V 3 V 2
. . .  (lOD_l)
pKa+
Mi (2 - a n i  s i  d i ne ) ^ ^ 29000 16400 10100 5.34
Mi (j^-phenet id in e )  ^  (BF^) ^ 29400 15800 10000 5.20
Mi( 3 ,4 -3 y li  d in e ) g (bP^) ^ 28200 16000 9750 5 .17
Mi (2 '-t o l u i dine ) ^  (BP^ ) ^ 28600 16300 9950 5 .OÔ
Mi (m-t o l u i d ine ) ^  ( BP^ ) ^ 28200 16000 9850 4 .70
M i(an ilin e )g (B P ^ )2 28600 15700 9250 4.60
M i(o -a n is id in e ) ^ ( bp^ ) ^ 28200 16000 9500
Mi (o -phen e tid in e )^ (B P ^)^ 27800 16500 9450
Mi (£ - t  o lu id in e ) g (BP^) ^ 25,000; 2 0 ,0 0 0 (sh ) | 18 , 0001; 13 , 900;  ? o o .
Mi (jo-chl o r oani 1 in e  ) g (BF^) ^ 24 , 900 ; 22,700; 19,600; 17,800; 1 3 ,9 0 0 (sh ),
00.
^ from re fe re n c e  5""% ,
* V alues o fV ^ re p re s e n t 10 Dq, fo r  th e  uni dent a te  n it ro g e n  
bonded amines excep t fo r  th e  complexes N i(_o-ansidine)^(BP^)2  and
M i(o -phenetid ine)^(C IO ^)^ .
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o f th e  ab so rp tio n  bands and a lso  reduces th e  mean n ickel-am ine  bond le n g th , 
th u s  in c re a s in g  10Dq,. The energy d if fe re n c e  between th e  ground s t a t e  
Ap and th e  th re e  t r i p l e t  e x c ite d  s ta t e s  in c re a s e s  w ith  in c re a s e  o f  10Dq«2g
The energy le v e l  diagram  shows th a t  th e  two low est s in g le t  s t a t e s  a re  
p a r a l l e l  to  th e  ground s ta t e  and so th e  e n e rg ie s  o f t r a n s i t i o n  a re  in d ­
ependent of lObq.,
The energy o f  band ^  g iv e s  lObq. d i r e c t ly  (Table 3*4) • The
p o s it io n s  o f a ry l amines in  th e  speotrochem ioal s e r ie s  f o r  amines a re  
a ss ig n ed  th u s ;  10bq. v a lu es  (cm  ^ x  10 1 ,1 0 -p h e n a n th ro lin e , 12,2;^^^^
e t  loylenediam ine, 1 1 . ammoni a,  1 0 . 8 ; £-phenyl enedi ami ne,  10 .6 ; 
m ethylam ine, p y r id in e , a n i l in e s ,  9*2-10 .1 .
For a s t r u c t u r a l ly  r e la te d  s e r ie s  of lig a n d s  i n  th e  absence o f 
s t e r i o  e f f e c t s ,  th e  lObq. v a lu es  would be expected  to  r e l a t e  to  th e  c o r r ­
esponding b a s i c i t i e s .  The pKa v a lu es  lis te d ^ ^ ^ ^  in  Table 3 .4  fo r  th e  
a n i l in e s  show f a i r  agreement w ith  th e  o rder o f lObq. v a lu e s .
(  25^P rev ious lObq. v a lu es  f o r  some a n i l in e s  have been d e r iv e d ' '  by 
Lever and co-w orkers from th e  3^  ^ and e le c tro n ic  band e n e rg ie s  o f  h a logen - 
b rid g ed , te tr a g o n a l  complexes o f th e  type M i(am ine)^(halogen)^ . The
v a lu es  re p o rte d  a re  much h ig h e r  th a n  th o se  g iven  in  th e  p re sen t work.
The p o s s ib le  causes fo r  t h i s  a re  f i r s t  th a t  th e  v a lu e s  ta k en  f o r  3^  ^ and 
a re  no t th e  t r u e  v a lu es  in  0^ symmetry, and second, and p o ss ib ly  more 
im p o rtan t, th a t  th e  v a lue  o f  lObq. f o r  a p a r t i c u la r  lig a n d , in  a complex 
o f mixed l ig a n d s , i s  dependent on th e  v a lu es  o f lObqt f o r  th e  o th e r  l ig a n d s .
The s p e c tra  o f th e  4 si complexes w ith  o -a n is id in e  and jo -phene tid ine  
in d ic a te  l i t t l e  o r no d i s to r t io n  o f 0^ symmetry. In f ra re d  evidence 
su g g es ts  uncoord ina ted  an ions f o r  th e se  complexes and i t  i s  though t th a t  
s ix -c o o rd in a te  io n ic  s t r u c tu r e s  a re  produced by oxygen c o o rd in a tio n  from
-  39 -
th e  alkoxy-groups i n  th e  amine. Laok of asymmetry in  th e  e le c t ro n ic  
hands may he caused hy e i t h e r  a o i s - s tru p tu re  o r  a t r a n s - s t r u c tu r e  i n  which 
th e  n i okel-oxygen bond le n g th  le n g th  i s  s h o r te r  th a n  expected because i t  
i s  invo lved  in  c h e la t io n ,  th u s  fo rc in g  th e  oxygens c lo s e r  to  th e  n ic k e l 
io n .
Values fo r  a b so rp tio n  maxima, and co rresp o n d in g  e x t in c t io n  co­
e f f i c i e n t s ,  o f th e  s o lu tio n  s p e c tra  o f th e  6 s1 complexes in  n itrom ethane 
a re  g iven  in  T able 3.5« A lthough a l i t t l e  of th e  f r e e  amine was added 
to  each s o lu tio n ,  ab so rp tio n s  appeared in  th e  20000-16000 cm  ^ r e g io n , 
which were absen t in  th e  d if fu s e  re f le c ta n c e  s p e c tr a ,  in d ic a t in g  th a t  
p a r t i a l  d is s o c ia t io n ,  o r  decom position  had o ccu rred . A ccord ing ly , th e  
v a lu e s  of lODq. o b ta in ed  from th e  re f le c ta n c e  s p e c tra  a re  used in  a l l  d is ­
cu ss io n s  o f l ig a n d  f i e l d  p a ram eters .
The d if fu s e  r e f le c ta n c e  s p e c tra  o f th e  two impure complexes 
Mi (£ - t  o l u i d ine ) g ( ^ and Mi (_o-chl o ro a n ilin e )  g(BF^) 2 d i f f e r  from th e
s p e c tra  o f th e  o th e r  6?1 complexes (F igure  3*3) i n  th a t  th e  band i s  
s p l i t ,  presum ably because o f te t r a g o n a l  d i s to r t io n .  Also th e  v a lu e  of 
y 2 8,t c o n s id e ra b ly  h ig h e r  energy , g iv in g  th e se  two complexes a p in k
co lo u r, in  c o n s tr a s t  to  th e  b lu e  co lo u r o f th e  o th e r  com plexes. The 
re f le c ta n c e  s p e c tra  o f th e  p in k  complexes c lo s e ly  resem ble th e  spectrum  
o f Mi(o^-phen^rienediamine)^Olg (F igu re  3 .3 ) which i s  t h o u g h t t o  c o n ta in  
s ix  monodentate jo-phenylenediam ine m olecules p er n ic k e l .  In f ra re d  bands 
o f th e  am ines, in  th e  case  o f th e  o - to lu id in e  and £ -c h lo ro a n il in e  com plexes, 
show th a t  no f r e e  amine i s  p re s e n t .  T h is  c r i t e r i o n  could  no t be used 
w ith  th e  3 >henylenediamine complex, as each £-phenylenediam ine m olecule 
has one co o rd in a ted  and one f r e e  MH^  group. The i s o la t io n  o f th e  jo- 
to lu id in e  and £ -c h lo ro a n i l in e  complexes th u s  su p p o rts  th e  e a r l i e r
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TABLE 3 .5
ELECTRONIC (NITROKETHAIjlE SOLUTION) SPECTRA 
OP THE NICKEL TETRAPLUOROBORATE COMPLEXES
Complex
V 3
X 10” ^)
N i(a n ilin e )^ (B P ^ )2 —  16,100 ( 1 0 0 ) 9,800 ( 5 -81)
N i(m -t o lu id in e)^ (B P ^ ) ^ —  16,200 (10.15) 9,800 ( 6 .08)
Ni (2“to lu id in e )^ (B P ^ )^ —  16,600 ( 13. 26) 9,700 (5 .80)
Ni (^ -a n is id in e )g (B P ^ )^ —  — 10,000 (6 . 10)
*N i(^-phenet id in e ) ^(BP^) ^ —  16,700 (15 .6 ) 10,100 (6 .01 )
N i(3 , 4- 3y lid in e )g (B P ^)2 —  16,250 (10 .0 ) 9,900 (5 .90)
* S o lu tio n  spectrum  d i f f e r e n t  from th a t  o f th e  s o l id  Because o f 
v ery  s tro n g , Broad aB sorp tion  in  th e  range 17, 000- 25,000 cm"’^
A dash in d ic a te s  th a t  t h i s  Band i s  oBsoured.
F ig u res  in  p a ren th ese s  re p re se n t apparen t e x t in c t io n  c o e f f ic ie n ts .
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co n c lu sio n s  about th e  complex Ni (2 -phenylenediam ine) ^ 01 ^ «
h) The N ickel P e rc h lo ra te  Complexes
The d if fu s e  re f le c ta n c e  of th e  th re e  complexes co n ta in in g  io n ic  
p e rc h lo ra te  g roups, and a lso  o f N i(3 , 4“x y lid in e )g (C 10^)29 show th e  th re e  
sym m etrical a b so rp tio n  Bands o f n i c k e l ( l l )  in  0^ symmetry co rrespond ing  
to  th e  t r a n s i t io n s  ^-^2g------’ ^ 1 g
The v a lue  o f lOBq. (from ) f o r  Ni (m-t o l u id in e  ) ^  (CIO^)^ i s  sim­
i l a r  to  th a t  f o r  th e  co rrespond ing  te tra f lu o ro B o ra te  complex(9850 cm ^ ) ,
The 10Dq v a lu e  fo r  Ni(3,4*“3îy lid ine)g(C 10^)2 , (10150  cm"^) ,  i s , ,  however,- 
la r g e r  th a n  th o se  f o r  N i(3 ,4 ~ x y lid in e )^  (X = BP^, 10Dq. = 9750 cm ^
and 9900 cm  ^ r e s p e c t iv e ly ) .  T h is  3 ,4 -x y lid in e  p e rc h lo ra te  complex i s  
unusual in  th a t  th e  in f r a r e d  spectrum  suggests  u n id e n ta te  p e rc h lo ra te  in  
C^^ symmetry. However, th e  symmetry o f th e  ")) r e f le c ta n c e  Band and th e  
u n u su a lly  h igh  v a lu e  o f lOBq make oxygen c o o rd in a tio n  u n lik e ly . F u rth e r­
more, a l l  s ix  amine m olecules appear to  Be co o rd in a ted  s in ce  no NH  ^ o r CN 
s t r e tc h in g  fre q u e n c ie s  o f th e  f r e e  amine a re  p re s e n t .  I t  i s  p o s s ib le  
th a t  a s t e r i c  e f f e c t  i s  p re s e n t ,  w ith  one o f  th e  oxygens on each o f th e  
two p e rc h lo ra te  groups trap p e d  in  th e  framework o f  th e  d im e th y l-su b s ti tu te d  
amine m olecu les, cau s in g  a d e p a rtu re  from T^ symmetry. Pavkovic and Meek
(59)have suggested^ * th a t  s t e r i c  e f f e c t s  may Be re sp o n s ib le  f o r  red u c in g  th e  
symmetry o f th e  p e rc h lo ra te  io n  from T^ to  0^^ i n  th e  complex Ni(N,N,N^- 
tr im e e n )2 (010^ ) ^ ( t r iü e e n  = trim ethy lened iam ine) (F igu re  3 .4 )*
The v i s ib l e  r e f le c ta n c e  s p e c tra  o f th e  te tra k is -c o ra p le x e s  c o n ta in in g  
u n id e n ta te  p e rc h lo ra te  groups (Table 3*6) show a pronounced s p l i t t i n g  o f 
th e  band, in d ic a t in g  te tra g o n a l s t r u c tu r e s ,  w ith  t r a n s - o o o rd ina ted
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TABLE 3*6
ELECTRONIC (DIFFUSE REFLECTANCE) SFBCTRA 
OF THE NICKEL PERCHLORATE COÈÎPLEXES
Complex
Ni (^ -a n is id in e )^ (C IO ^ ) ^ 28 .2 1 6 .4 (1 2 .5 ) 11.6 '8.2 10.1  ■ 5-34
Ni (jg-phen^tid ine) ^  (CIO^) ^ 28.3 16 .3 (1 2 .7 ) 11.65 8 .55  10.05 5*20
Ni (_£-*toluidine)^(C10^) 2 27 .8 (2 0 .1 ) 1 6 .3 (12 .7 ) 11.55 8 .0 9 .9 5 .5 .0 8
N i(m-t o lu id in e ) ^(CIO^ ) ^ 29*4(20.3) 1 6 .3 (1 2 .7 ) 11.45 8 .25 9*85 4 .70
N i(a n ilin e )^ (G 10^)2 28.2 15 .9 (12 .6 ) 11.35 8 .45 9.25 4 .60
N i(2 , 5-x y lid in e )^ (C 10^)2 28 ,6 15*7 ( 12 , 8 ) 11.45 7 .7 4*53
Ni ( £ - to lu id in e )^(010^)2 2 7 .8 (2 0 .0 ) 15*6 11.0  8 .2 4.45
N i(ra-anisid ine)^(C IO ^ ) ^ 28 ,0 16.1 11 .6  8.1 4 ,2 0
N i(m -phenetidino)^(C IO ^ ) ^ 2 8 .6 16 ,1 (1 2 .7 ) 11*5 8 .2 4.18
N i(£ -c h lo ro a n il in e )^(CIO^ ) ^ 2 8 .7 (2 0 .8 ) 15 .9 (1 2 .7 ) 11.4 8 .4 4 .15
Ni (^ -h ro m o an ilin e) ^(CIO^ ) ^ 2 8 .2 1 6 .3 (12 .9 ) 11.45 8 .15 3 .86
N i(g -io d o a n ilin e )^ (C 10^)2 2 8 .0 15 .9 (1 2 .6 ) 11 ,35  8 .05 3.71
N i(m -io d o a n ilin e )^ (010^)2 2 8 .0 16 .1 (1 2 .7 ) 11.5 8 .3 3.61
N i(m -hrom oaniline)^(CIO ^ ) ^ 2 8 .6 (2 0 .5 ) 16.0(12.6) 11.15 8 .6 3.43
N i(m -ch lo ro an ilin e )^ (C 10^)2 2 9 .0 (2 0 .4 ) 15 .9 (1 2 .7 ) 11.05 8 .55 3*46
Ni (3 , 4’-d ic h lo ro a n ilin e )^ (C 10^) ^ 2 8 .0 15.8 11.15 8 .7
Ni ( ^ -c h lo ro a n i l in e ) ^(CIO^ ) ^ 28.7 15 .4 (1 2 ,4 ) 10.65 8 .6 2.71
Ni(3,4-3ylidine)g(C10 )g 2 7 .8 (2 2 .2 ) 16.7 10.15
N i(o -a n is id in e )^ (C 10^)2 2 8 .4 (2 1 .3 ) 15*8(12.3) 9.5
N i( o-phenet id in e ) ^ (C10^)2 28 . 6 ( 21 . 2) 1 5 .8 (12 .6 ) 9.3
N i(m -to lu id in e )g (CIO^)2 29 .0 (2 1 .8 ) 16.4 9.85
F ig u res  in  p a ren th ese s  in d ic a te  
(a) V alues fo r  complexes o f th e
very  weak hands.
type  N i(am ine)g (BF^)2. (h) r e f .
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p e rc h lo ra te  groups (g iv in g  approx im ate ly  symmeti^ to  th e  com plex)«
The v a lue  o f t h i s  s p l i t t i n g  v a r ie s  considerab ly»
The s p l i t t i n g  o f th e  band may he r e l a t e d  to  th e  p la n a r  and 
a x ia l  l ig a n d  f i e l d s  in  th e  complexes hy th e  fo llo w in g  ex p re ss io n  (see  
S e c t io n .l ) s
s p l i t t i n g  o f = -^D t = 5 (D q ^  -  Dq^)
where D q ^  and Dq^ a re  th e  l ig a n d  f i e l d  s p l i t t i n g  param eters  f o r  th e  lig a n d s  
i n  th e  xy p lane  and th e  a a x is  re sp e c tiv e ly o  I f  th e  f i e l d  a s s o c ia te d  
w ith  th e  a x ia l  p e rc h lo ra te  i s  assim ed to  he approx im ate ly  co n s ta n t w ith  
th e  com plexesj th e n  th e  s p l i t t i n g  o f should  in c re a s e  w ith  th e  s tr e n g th  
o f th e  amine p la n a r  l ig a n d  f ie ld o  ‘ ' :
The sequences o f th e  10Dq v a lu e s  fo r  complexes o f  th e  ty p e  
Hi (amine) g (BP^) 2? and th e  s p l i t t i n g  v a lu es  o f  th e  p e rc h lo ra te  complexes 
a re  s im i la r ,  h u t no c lo se  c o r r e l a t io n  appears to  e x is to
45 -
G en era lly , an in c re a s e  in  amine pKa v a lu e s  i s  accompanied "by an 
in c re a se  in  th e  s p l i t t i n g  v a lu e s , "but ag a in  no c lo se  c o r r e la t io n  appears 
to  e x i s t .
For te tr a g o n a l  complexes w ith  weak a x ia l  f i e l d s  th e  two compon­
e n ts  o f , in  o rd e r o f in c re a s in g  energy , a re  ass ig n ed  to  th e  t r a n s i t io n s
 ^^  and  ^ ^B^ r e s p e c t i v e l y . T h e  en e rg ie s  o f  th e se1 g g 1 g 2g
t r a n s i t io n s  a re  10D q ^  -  -^D t and 10D q ^  r e s p e c t iv e ly .  Hence th e
energy o f th e  ^Bp hand should  g ive  a measure o f th e  lig a n d  f i e l d  s tre n g th s  
o f  th e  amine lig a n d s .  There i s  agreement between th e  sequences o f th e  
^Bgg hand e n e rg ie s  and 10Dq v a lu es  g iven  in  T able 3 . 6 . The ^ 2g 
en e rg ie s  a re  a l l ,  however, g r e a te r  th a n  th e  co rrespond ing  10Dq v a lu e s  fo r  
th e  M (am ine)g(BF^)2 com plexes, and so , as noted b e f o r e , t h e r e  seems 
to  he an in c re a se  in  amine lig a n d  f i e l d  s tre n g th  i n  p a ss in g  from 
[îTi( a m i n e ) t o  [ k i ( amine) ]  w ith  weaker a x ia l  donors.
The hand e n e rg ie s  should  a lso  he r e la te d  to  th e  s p l i t t i n g
v a lu e s , which would he expected  to  in c re a se  w ith  th e  ^®2g e n e rg ie s .
T h is  i s  la rg e ly  th e  ca se , and f o r  most com plexes, a  f a i r  c o r r e la t io n  i s  
found between th e  two q u a n t i t i e s ,  th e  c h ie f  d iv e rg e n t complexes be ing  
th o se  c o n ta in in g  ^ - s u b s t i tu e n t s  (Table 3 *6 , F ig u re  3 . 5)*
From th e  ex p re ss io n  g iven  above, i f  th e  a x ia l  f i e l d  a s s o c ia te d  
w ith  th e  p e rc h lo ra te  groups rem ains c o n s ta n t, a l i n e a r  r e la t io n s h ip  would 
he expected  between th e  energy o f the^Bg^ hand and th e  s p l i t t i n g .
The c a lc u la te d  s lope i s  0 . 5 * However, th e  observed slope  i s  much h ig h e r, 
th e re fo re  i t  i s  o f i n t e r e s t  to  examine th e  constancy  o f  th e  v a lu es  o f 
10Bq^ (Table 3 *7) ,  c a lc u la te d  from th e  ex p ressions 
lODg.  ^ = 2 ( ^ P  -
where ( ^ g )  and ( Bg ) r e f e r  to  th e  e n e rg ie s  o f  th e  t r a n s i t io n s  to  th e se
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TABLE 3 .7
SPECTRAL PARAMETERS OP MOKEL PERCHLORATE COMPLEXES
AND BASICITIES OP THE AMINES
Complex
lODq'O' 10Dq%
(cm X 10 ) 
lODq. pKa*^
N i(2 “a n is id in e )^ (C 10^ ) ^ 11 .6 4 .8 10 . 1* 3 .4 5 .34
N i(2 -p h e n e tid in e )^ (010^)g 11.65 5.45 10.05* 3.1 5.20
Ni (2 ~ to lu id in e )^ (C 10^)2 11.55 4.45 9 , 95* 3 .55 5.08
Ni (m-t o lu id in e ) (CIO^) 2 11.45 5,05 9 .85* 3 .2 4 .70
N i( a n i l in e )^ ( 010^)2 11 .35 5,55 9 ,25* 2 .9 4 .60
N i(2 , 5-x y lid in e )^ (C 10^)2 11 ,45 3 ,9 5 3.75 4 ,5 3
N i(o - to lu id in e )^ (010^)2 11 .0 5.4 - 2 .8 4 .45
N i(m -an isid in e)^ (C 10^)2 11 .6 4 .6 — 3 .5 4 .20
N i(m -phenetid ine)^(C lO ^ ) ^ 11.5 4 .9 — 3 ,3 4 .18
N i(^ - c h lo ro a n i l in e )^ (010^)2 1 1 .4 5 .4 3 ,0 4 .15
Ni (^-bromo a n ilin e )^ (C 10^)2 11.45 4 .85 - 3 .3 3.86
Ni (£ - io d o a n ilin e )^ (C 10^ ) g 11 .35 4.75 - 3-3 3.78
N i(m -io d o an ilin e)^ (C 10^)2 11.5 5.1 - 3 .2 3.61
N i(m -brom oaniline)^(C IO ^)g 11.15 6.05 - 2.55 3 .43
N i(m -ohlo ro a n i l in e )^ (010^ ) g 11.05 6,05 - 2 .5 3 .46
N i( 3 ,4-d io h lo ro a n i l in e )^(C10^ ) g 11.15 6.25 - 2 ,4 5 -
Ni (£ -o h lo ro a n i l in e )^(C10^ ) 2 10.65 6.55 2 .05 2.71
N i(m -to lu id in e ) g(CIO^)g - — 9.85 - 4 .70
N i(3 , 4-xy lid in e)g (C IO ^)g — 10.15 - 5.17
V alues o f 10Dq. fo r  complexes o f th e  type [ k i ( an i 1 in e ) (BP^) ^ 
^  Prom re fe re n c e  .
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le v e ls  (see  S ec tio n  T).
I t  can be seen  (Table 3 , 7 , F igure 3 *6) th a t  an in c re a s e  in  th e  
p la n a r  lig a n d  f i e l d  a s so c ia te d  w ith  th e  amine l ig a n d s  produces a d ecrease  
in  th e  f i e l d  a s s o c ia te d  w ith  th e  p e rc h lo ra te  groups* The s tro n g e r  
a n i l in e  donors may reduce th e  e f f e c t iv e  charge on th e  m etal io n  and th u s  
le a d  to  a weaker in te r a c t io n  w ith  th e  a x ia l  p e rc h lo ra te s .
The p o s i t io n s  o f th e  th re e  complexes w ith  ^ - s u b s t i tu te d  a n i l in e s  
c l e a r ly  show th e  e f f e c t  o f  s t e r i c  h in d ran ce . The c o o rd in a tio n  o f th e  
a x ia l  p e rc h lo ra te s  i s  p robab ly  h in d e red  by th e  £ - s u b s t i tu e n t s , g iv in g  
u n u su a lly  low a x ia l  l ig a n d  f i e l d s .
I t  i s  p re d ic te d  (see  S e c tio n !)  th a t  th e  band o f symmetry i s  
yalso s p l i t  in to  two components on low ering  o f th e  symmetry to  
A lthough th e  s p l i t t i n g  o f i s  q u i te  c o n s id e ra b le , s p l i t t i n g  o f i s  not 
observed a t  room te m p era tu re . However, when th e  d if fu s e  r e f le c ta n c e  
s p e c tra  a re  measured a t  l i q u id  n it ro g e n  te m p era tu re s , th e  second component 
of 7^ 2 i s  observed in  a few c a se s , although  i t  on ly  appears as a sh o u ld e r 
in  complexes o f weale amine donors. S p l i t t i n g  o f th e  bands can be c le a ­
r l y  i l l u s t r a t e d  (F ig u re  3 . 7 ) by comparing th e  d if fu s e  r e f le c ta n c e  s p e c tra  
o f { N i(m -to lu id in e )^ ](010^)g  and [w i(m -to lu id ine) ^ (010^ ) bot h  measured 
a t  th e  two te m p e ra tu re s . The weak band a t approx im ate ly  12,600  cm”"^  
rem ains s ta t io n a ry  on c o o lin g  th e  complex and i t  i s  th e re fo re  a ss ig n ed  to  
a sp in -fo rb id d e n  t r a n s i t i o n  (p robab ly  — > ^A.. , ) .I g Î g 1 g
A bsorp tion  maxima o f d if fu s e  re f le c ta n c e  s p e c tra  o f • some o f  th e  
com plexes, measured a t  approx im ate ly  80*K, a re  g iv en  in  Table 3 . 8 . A ll 
sp in -a llo w ed  bands move to  h ig h e r e n e rg ie s  on co o lin g  th e  com plexes. 
A lthough bo th  th e  p la n a r  and th e  a x ia l  f i e l d s  in c re a se  in  energy on co o l­
in g , th e  va lue  o f  lO D q^ in c re a s e s  more th a n  th a t  o f lODq^, f o r  most o f
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TABIiB 3 .8
ELECTRONIC (DIFFUSE HSFLECTMCE) SPECTRA 
OF S O m  OF THE NICKEL PERCHLORATE COMPLEXES 
imSURED AT LIQUID NITROGEN TEMPERATURE.
Complex.
^ 3
"Vmax
"V2
/ —1 (cm X 10- 3 )
N i(m -to lu id ine)^(C IO ^)^ -  25 .0sh 16.8 14.2 12 . 6 ) 11.75 8 .4
Ni (2 *“to lu id in e )^ (C 10^) ^ — 24*Osh 16.8 13.7 12 . 6 ) 11 .8 8 .3
Ni (m --anisidine)^(C lO ^) 2 -  25 .0sh 16.65 13.7 12 . 65) 11.7 8 .2
N i(m -phenetid ine)^(C lO ^)^ -  25 .0 sh 16 .6 14 .55 . 12 . 6) 11 .8 8 .4
Ni (_£-ch lo roan iline)  ^ (CIO^) ^ -  25 .0 sh 16.4 14.5 12.55) 11 .6 8 .6
N i(g -o h lo ro a n ilin e )^ (C 10^)2 -  25 .0sh 16.3 14 . 9sh 12.5) 11.25 8 .65
sh = sh o u ld e r. F ig u res  i n  p a ren th ese s  In d io a te  very  weak a b s o rp tio n s • 
A dash in d ic a te s  th a t  th e  hand i s  obscured by in te n s e  lig a n d  a b so rp tio n s .
TABLE 3 .9
SPECTRAL RARM1BTER8 OF NICKEL PERCHLORATE COMPLEXES
AT LIQUID NITROGEN TEMPERATURES
Complex 10D q ^
______ i o m ' h
lODq^
(om~**)
Dt
(cm ^
Ds
)(cm“
Ds / 
"1  ^ /D t
N i(m-t o lu i d in e )^ (C10^)2 11750(+250) 5050(0) 383 513 1.34
Ni (_£-t o lu id in e  ) ^  (010^) 2 11800(+300) 4800 (+350) 400 600 1.50
Ni (m -an is id in e )^  (CIO^) 2 11700(+100) 4700(+100) 400 575 1 .44
N i(ra-phenetid ine)^(C 10^)2 11800(+300) 5000(+100) 390 456 1.17
N i(^ -o h lo ro a n il in e )^(010^ ) ^ 11600(+200) 5600(+200) 343 390 1.14
N i(m -o h lo ro a n ilin e )^ (010^ ) ^ 11250(+200) 6060 (+10) -297  • 995 ' . 0 :9 9
Values in  p a ren th eses  in d ic a te  d if fe re n c e s  between 'co ld*  and 
'warm' v a lu e s .
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th e  complexes s tu d ie d  (Table 3 . 9 )* T his i s  in  accordance w ith  th e  sugg­
e s t io n s  of Goodgame and co-w orkers (see  S ec tio n  I ,  p a g e (o ).
The param eter Ds f o r  th e  complexes has been c a lc u la te d  (Table 3 «9) 
u s in g  th e  eq u a tio n s  on page^<3(S e c tio n  I ) .  The v a lu e s  o f Ds a re  1 . 1-  
1 . 5®ty except f o r  th e  complex M (m -ch lo ro an ilin e )^ (C 1 0 ^ )2 j fo r  which th e
v alue  o f th e  t r a n s i t i o n  ---- > ' ' ^ 2g  approxim ate (see  T able 3 *8 ) .
Goodgame has reported^^^^ that Ds -^l.iDt for complexes of the type 
( L =  ^ j v i c l w c   ^ X p k&C,(Ae).
However, Drago and Rowley r e p o r t t h a t  i f  th e  eq u a tio n s  g iven  
on page lo (S e o tio n i)  a re  m odified  to  in c lu d e  c o n f ig u ra tio n  in t e r a c t io n  
and an o f f  d iag o n a l elem ent which couples th e  s t a t e s  o f  th e  "P te rm ,
Ds 2Dt.
c) The O o b a lt( l l)  P e rc h lo ra te  Complexes
The in f r a r e d  s p e c tra  o f th e  c o b a l t ( l l )  p e rc h lo ra te  complexes 
are  alm ost id e n t ic a l  to  th o se  o f th e  correspond ing  n ic k e l complexes and i t  
i s  assumed th a t  th e y  have th e  same s t r u c tu re s .  The d if fu s e  r e f le c ta n c e
s p e c tra  (Table 3 . 10) of th e  complexes a re  in v e s t ig a te d  assuming D^^ symm­
e t r y ,  except f o r  th e  complexes Go(3 ; 4-% y lid in e )^ (010^ )g  and C o (o -a n is id in e )^  
(CIO^)^, fo r  which approx im ately  0^ symmetry i s  assumed.
The v i s ib l e  band in  th e  s p e c tra  of th e  o c tah ed ra l or o f th e  t e t ­
ragonal complexes (F igu re  3 . 8 ) i s  no t re so lv ed  (see  S ec tio n  l )  even a t 
80 K. T e trag o n a l d i s to r t io n  should  be g rea te r^^^^  in  th e  co rrespond ing  
p y rid in e  complexes and two o f th e se  have been s tu d ie d  (Table 3è10) .
The d if fu s e  r e f le c ta n c e  sp e c tra  o f ]co(8~ p ioo line)^(O iO ^)2 and
o (an ilin e )^ (C IO ^ )2 ]  measured a t  o rd in a ry  and l iq u id  n itro g e n  te m p e ra tu re s , 
a re  shown in  F igure  3 , 9 *
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The s p e c tra  o f th e  a n i l in e  complexes show a hr@a& p e a ld in  th e
v i s ib l e  re g io n , w ith  a broad sho u ld er on th e  low energy s id e . The n ea r
in f r a r e d  band a lso  has a weak sho u ld er on i t s  low energy s id e . R eso lu tio n
i s  very  bad and no assignm ent o f bands i s  p o s s ib le  in  term s o f symmetry.
For th e  p y rid in e  com plexes, th e  v i s ib l e  band i s  s p l i t  in to  th re e
w e ll-d e f in e d  components. Ferguson showed^^^^ th a t  th e  complex G o(pyrid ine)
G ig, which has a d is to r t e d  polym eric o c tah ed ra l s t r u c tu r e ,  g iv es  th re e
bands in  th e  v i s ib l e  re g io n  o f th e  c r y s ta l  spectrum , which he a ss ig n ed  to
th e  t r a n s i t io n s  from th e  ground s t a t e  to  th e  and le v e ls
o f symmetry. However, f o r  th e  p e rc h lo ra te  com plexes, i t  i s  u n lik e ly
th a t  th e  lo c a l  symmetry f a l l s  below
Two bands a re  seen  in  th e  n e a r  in f ra re d  re g io n . U n fo rtu n a te ly
th e  low er energy band i s  p a r t i a l l y  obscured by in s tru m e n ta l and lig a n d
a b so rp tio n . A broad sh o u ld er i s  seen  on th e  t a i l  o f in te n se  lig a n d
—1ab so rp tio n s  in  th e  29,000  cm re g io n . A number o f  much weaker bands 
a re  observed which p robab ly  a r i s e  from sp in -fo rb id d e n  t r a n s i t i o n s .
No com plete assignm ent o f a te tra g o n a l c o b a l t ( l l )  complex has y e t 
been re p o r te d . No assignm ent w i l l  be a ttem pted  h ere  a lthough  i t  i s  
p o in ted  out t h a t ,  i n  th e  re g io n  s tu d ie d , fo r  th e  p y rid in e  com plexes, th e re  
a re  s ix  main a b so rp tio n  bands, a l l  o f which move to  h ig h e r e n e rg ie s  on co o l­
in g  to  l iq u id  n it ro g e n  te m p e ra tu re s . For symmetry s ix  sp in -a llo w ed  
t r a n s i t io n s  a re  e x p e c t e d ^ ( F i g u r e  3 . 10)
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TABIÆ} 3 .1 0  
ELECTRONIC (DIFFUSE REFLBCTAHCE) SPECTRA 
OP THE COBAI/r(ll) PERCHLORATE COMPLEXES
Complex > ’ max ^  1°"^ )
0 o ( a n i l in e ) (CIO ) ^ Warm; 19 .8 9.3Colds 20 .3 9 .6
C o(m -to lu id ine)^(C 10^)2 Warms
Colds
2 0 .8 9 .3
C o(m -an isid ine)^(C 10^)2 Warms
Colds
19 .8 9.1
C o (m -o h lo ro a n ilin e ) ^(CIO^)^ Warms 19 ,6 8 .7Colds 20.2 9 .0
C o (o -a n is id in e ) . (CIO. Warms 19 .6 8 .74 4 z. Colds
O o (3 ,4 -x y lid in e ),(C 1 0  ) Warms 21.0 9 .3Golds 21.2 9 .5C 0 (p y r id in e ) (CIO ) Warms 22 .8 ; 19 . 4 ; 1 8 . 2 ; ( 1 5 . 5 ) ;  8 .64 4 c Colds 2 3 .2 ; 1 9 .4 5 ;  1 8 . 4 ;  ( 1 5 . 5 ) ;  9 . 0 ; 6 . 3O o(% -p ico line). (CIO. ) ^ Warms 22 .2 ; 19 . 35;  18 . 3 ; ( l 5 . 3 ) i  8 . 9 , 5 .84 4 4 Golds 2 2 . 5 ; 1 9 . 5 ; 1 8 . 3 ;  ( 1 6 . 9 ) ;  ( 1 5 . 7 ) ; 9 . 2 ; 6 . 1
F ig u res  i n  p a ren th ese s  in d ic a te  very  we ale hands <
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4 o In f r a r e d  Measuremen ts  -  
A bso rp tio n s  A sso c ia ted  w ith  th e  Amino-Groupsa
In f ra re d  f re q u e n c ie s  a ss ig n ed  to  th e  am ino-groups a re  g iv en  in  
T able 3 . 1 1 . As r e p o r te d '"  ■' p re v io u s ly , th e  v a lu e s  f o r  th e  NH s t r e tc h in g  
3 defo rm atio n  o r  s c i s s o r  ()4 u ) ON s t r e t c h in g  fre q u e n c ie sNH, CN'
a re  low ered from th e  f r e e  amine v a lu e s  on c o o rd in a tio n . The NH.-. deform -
*-1a t io n  band occurs n e a r  to  a r in g  s t r e tc h in g  band in  th e  1600 cm re g io n .
In  th e  com plexes, th e  NHg d efo rm ation  band i s  r e a d i ly  id e n t i f i e d ,  s in c e  i t s
s h i f t  on c o o rd in a tio n  i s  much more marked th an ' th a t  o f th e  r in g  s t r e tc h in g
v ib r a t io n .  For complexes c o n ta in in g  alkoxy-groups th e  ON s t r e tc h in g;
fre q u e n c ie s  cou ld  no t be i d e n t i f i e d ,  in  most c a s e s , because o f in te n s e  
a b so rp tio n s  in  th e  same re g io n , a s s o c ia te d  w ith  00  v ib r a t io n a l  modes. 
In te n se  a b so rp tio n s  accompanying an ion  a b so rp tio n  bands i n  th e  1200-1000  cnf 
re g io n , a re  a ss ig n ed  to  NHg wagging modes.
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TABLE 3.11
INFRARED ABSORPTIONS ASSOCIATED WITH THE 
ALÎINO-GROUPS IN THE COÎÆPLEXBS
NHg s t r e t c h  ON
Complex deform ation  s t r e t c h
antisym (cm   ^) syra(om"’^ ) (om ) (oQi )
N i( a n i l in e ) g (BP^)^ 3333 3270 1601 1232
N i(m -to lu id in e )g (BF^)^ 3335 3284 1593 1265
Ni (j£-t ol u id in e  ) ^  ( BF^ ) ^ 3335 3284 1597 1259,1235
Ni (j£ -an isid in e )  ^  (BF^) ^ 3335 3284 1591 -----
Ni (jg-phenet id in e )  ^  (BF^) ^ 3322 3284 1587 -----
N i( 3 , 4- x y l id in e ) ^(bP^)^ 3334 3271 1592 1294,1252
Ni (_o-t o lu id in e )  g (BF^ ) ^ 3438 , 3371 , 3230(broad) 1582 1252,1296
N i(£ -c h lo ro a n i1in e ) ^(BF^),2 3300- 3200(broad) 1580 1302
N i(o -a n is id in e )^ (B F ^ ) ^ 3309 3276 1570 -----
Ni (_o-phene t  i  d ine  ) ^  ( BF^ ) ^ 3324 3297 1613 -----
Ni (^ -a n i s i  d ine ) ^  (OlO^ ) ^ 3341 3284 1580 -----
Ni (£ -p h e n e tid in e ) ^(CIO^)^ 3330 3266 1571 -----
N i( 3 , 4-sy  1id in e ) g (CIO^)^ 3322 3258 1585 1258
N i(m -to lu id in e )g (C 10^)2 3310 3272 1596 1265
N i(a n ilin e )^ (C IO ^ )2 3322 3271 1578 . 1233
Ni (£ ~ to lu id in e )^ (010^ )^ 3322 3271 1591 1250
Ni (m -to lu id in e )^ (C 10^^)2 3322 3271 1572 1266
N i(£ - to lu id in e )^ ( 010^)2 3322 3271 1570 1248,1235
Ni (£ -a n i s id in e )^ (C 10^)2 3450* 3348 3300 1616* 1577 -----
N i(m -an isid ine)^(C IO ^)^ 3322 3271 • : 1585 1285
(Contd,
'  59
TABLE 3.11  CONTD.
NHg s tr e to h
Complex
a n t i  sym (cm’~ ) sym(om'h
NHg
d e fo ry a tio r
CN
I s t r e to h  
(cm" )
N i(m -phene tid ine) ^ (CIO^)^ 3322 3271 1580 1279
Ni (j£-phenet id in e  ) ^  (CIO^) ^ 3346 3297 1578 -----
N i(£ -o h lo ro a n ilin e )^ (C 10^ )^ 3358 3301 1568 1285,1261
N i(m -o h lo ro an ilin e )^ (C 10^)2 3310 3271 1577 1263,1242
N i(£ -o h lo ro a n i l in e ) ^(OlO^)g3450 3331 3280 1622 * 1578 1280* 1241
N i(m -brom oaniline) ^(CIO^)^ 3322 3271 1577 1305
Ni (£-brom oaniline)^(C IO ^)^  3450*3374 3301 1620 * 1570 1279* 1241
Ni (m  o d o a n ilin e ) ^(CIO^) ^ 3322 3271 1571 1311
N i(£ -io d o an ilin e )^ (C IO ^)^  3500*3348 3281 1620 * 1570 1280* 1238
N i(2 , 5-x y lid in e)^ (C IO ^ )^ 3335 3258 1568 1255
N i(3 , 4- d ic h lo r o a n i l in e ) ^(CIO^)^ 3367 3307 1583 1273,1262
Oo(3 , 4-% ylid ine)g(C 10^)g 3323 3277 1584 1255,1296
0 0 ( £ - a n is i  d ine)^(C 10^)2 3345 3286 1575 -----
C o (an ilin e )^ (C 10^)2 3335 3282 1585 1232
C o(m -to lu id ine)^(C 10^)2 3367 3260 1572 1262
C0 (m -an is id in e ) ^(CIO ^)2 3336 3281 1575 1325
C o (m -oh lo roan iline)^(C IO ^) ^ 3336 3276 1576 1264,1236
antisym  = an tisym raetrio  sym = symmetric
Bands p robab ly  a s so c ia te d  w ith  f re e  am ine. (Values fo r  f r e e  
amine ob ta ined  from r e f  ) .
— 60 ?
5 * Therm ogravim etrio Measurements
a) The N ickel T e tra f lu o ro b o ra te  Complexes
The n ic k e l te t r a f lu o r o b o r a te  complexes were heated  on a therm o- 
ba lance  in  th e  hope th a t  low er com plexes, w ith  c o o rd in a ted  t e t r a f lu o r o ­
b o ra te  g roups, cou ld  be i s o la te d .  However, no ev idence fo r  in te rm e d ia te  
compounds was o b ta in ed . Amine was l o s t  smoothly over th e  tem pera tu re  
range in  a l l  cases  w ith  th e  ex cep tio n  o f N i(_£-an isid ine)g  (BF^)g and 
N i(j^ -phenetid ine)^  (BP^)^, which appear to  c o n ta in  l a t t i c e  l ig a n d . The 
thermograms fo r  th e se  two complexes each showed a p la te a u  when th e  w eight 
lo s s  corresponded to  th e  amount o f  amine in  excess o f th a t  re q u ire d  f o r  
te tra lc is - fo rm a tio n s . On f u r th e r  h e a tin g , th e se  two complexes behaved 
i n  a s im ila r  manner to  th e  o th e r  te t r a f lu o ro b o ra te  com plexes.
b) The N ickel P e rc h lo ra te  Complexes
The therm ograv im otric  behav iou r o f th e  com plexes' N i(a n il in e )^ (C 10^)2 
and [N i(3 , 4“3îy lid in e )g ]  (CIO^)^ was in v e s t ig a te d ,  u s in g  50 mg sam ples.
Ig n i t io n  occurred  a t  approx im ate ly  15O* and I65 r e s p e c t iv e ly ,  b e fo re  any 
w eight lo s s e s  had been reco rd ed .
SECTION IV
THE NICKELQjCYANATE,
THIOCYANATE AND SELENQCYANATE COMPLEXES
— 6 l  —
A. THE PRBPAEIATION OP THE QOÎfflPLEXBS.
A n a ly tic a l d a ta  fo r  th e  complexes a re  g iven  in  Table 4*1.
Only th e  complex N i(jg-to luidine)^(N C S)^ has been p re v io u s ly  re p o r te d .
1. The N ickel T hiocyanate Complexes.
(a) D ith io o y a n a to b is ( a n i l in e ) n ic k e l ( I I )
A s o lu tio n  o f n ic k e l th io c y a n a te  (0.01 mole) in  e th an o l (15 ml) 
was added to  a s o lu tio n  o f a n i l in e  (0 .02  mole) in  e th an o l (20 m l).
The r e s u l t in g  p a le  g reen  p r e c ip i ta te  was f i l t e r e d  o f f ,  washed w ith  e th e r  
(two 10 ml p o r tio n s )  and d r ie d  in  vacuo. A s im i la r  method was used to  
p repare  N i(amine) ^(NO8) ^ where amine = m -to lu id in e , £ - to lu id in e ,  ^ -a n is id in e  
£ -p h e n e tid in e  and 3 ,4 -x y lid in e *  A s o lu tio n  o f  th e  amine (0 .02  mole) in  
e th e r  (20 ml) was used in  th e  p re p a ra tio n  o f th e  complexes N i(amine)^NGS)^ 
where amine = o -a n is id in e ,  £ -p h e n e tid in e , m -o h lo ro a n ilin e , jg -c h lo ro a n ilin e , 
£ -b ro m o an ilin e , £ - io d o a n i l in e ,  2 , 4 , 2 , 5- ,  and 2 , 6-  x y lid in e .
(b) D ith iooyanat obi s ( o - t  o lu id in e )n ic k e l(I I ) .
A s o lu t io n  o f sodium th io c y a n a te  (0 .02  mole) in  w ate r (5 ml) 
was added to  a s o lu tio n  o f £ - to lu id in e  (0 .02  mole) and n ic k e l p e rc h lo ra te  
(0,01 mole o f th e  hexahydra te) in  e th an o l (20 m l). A f te r  s t i r r i n g  fo r  ' 
a few m inutes th e  p a le  g reen  p r e c ip i ta te  was f i l t e r e d  o f f ,  washed w ith  
e th an o l (3 ml) and e th e r  (two 10 ml p o rtio n s)#
(o) D ith i ooyanat o te t r a k i s ( 2 ,b - s y l id in e ) n ic k e l( I I ) .
A s o lu t io n  o f n ic k e l th io c y a n a te  (O.OO5 mole) in  e th an o l (4 ml) 
was added dropw ise, w ith  g e n tle  shalcing, to  2 ,5 -x y l id in e  (10 m l). Blue 
c r y s ta l s  formed a f t e r  about te n  m inu tes. The c r y s ta l s  were f i l t e r e d  
o f f ,  washed w ith  copious q u a n t i t i e s  o f  40* - 60° petro leum  e th e r  and d r ie d  
in  vacuo. A s im i la r  method was used to  p repare  th e  complexes
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N i(am ine)^(1103)2 where amine = ^ -a n is id in e  and a -p h e n e iid in e . I t  was 
found th a t  a ttem p ts  to  a c c e le ra te  c r y s t a l l i s a t i o n  o f  th e  com plexes, such 
as s c ra tc h in g  th e  s id e s  o f th e  r e a c t io n  v e s se l w ith  a g la s s  ro d , r e s u l te d  
i n  th e  fo rm ation  o f th e  2:1 complex. Washing o f  th e  complexes w ith  any 
o f th e  common so lv e n ts  o th e r  th a n  petro leum  e th e r ,  e i th e r  pure or c o n ta in ­
in g  a l i t t l e  o f th e  f re e  amine, r e s u l te d  in  th e  breakdown o f th e  complexes 
to  th e  co rrespond ing  2 s1 com plexes.
(d) Di t  hj'ocyanat o te t  r a k i  s ( o - t  o l u i d i ne ) n i  eke 1 ( I I  )
A s o lu tio n  o f _o -to lu id ine  (0 .04  mole) in  e th an o l (IO ml) was 
added to  a s o lu tio n  o f sodium th io c y a n a te  (0 ,0 2  mole) and n ic k e l p e rc h lo ra te  
(0.01 mole o f th e  hexaliydrate) in  e th an o l (25 m l). The product c r y s t ­
a l l i s e d  out a f t e r  about f i f t e e n  m inu tes. The p a le  b lue  c r y s ta l s  were 
f i l t e r e d  o f f  and l e f t  overn igh t over calcium  c h lo r id e .  The product 
o b ta ined  was always a l i t t l e  s t ic k y  and no s a t i s f a c to r y  a n a ly s is  f ig u re s  
were o b ta in ed . A ttem pts to  wash th e  complex o r  to  dry  under reduced 
p re ssu re  r e s u l te d  in  th e  fo rm atio n  o f th e  2 s 1 complex.
(e) H exakis( a n i l in e ) n ic k e l ( I I ) th io c y a n a te
The method used was s im i la r  to  th a t  used in  th e  p re p a ra tio n  o f 
N i(2 , 5-k y lid ine)^ (N C S )2 « For th e  p re p a ra tio n  o f th e  complexes N i(am ine)g 
(NOS)g where amine = p - to lu id in e ,  ;g -ch lo r0a n i l in e ,  ^ b ro m o a n il in e , jg -iodo- 
a n i l in e  and 3 , 4—a y l id in e ,  a s im i la r  method of p re p a ra t io n  to  t h a t  f o r  
N i( aniline)^(W C S)2 was used, except th a t  as th e se  amines were s o l id s  a t  
o rd in a ry  te m p e ra tu re s , t h e i r  s a tu ra te d  s o lu tio n s  in  e th an o l were used .
The £ -o h lo ro a n i lin e  complex was very  d i f f i c u l t  to  p re p a re . The amine 
i s  no t s u f f i c i e n t ly  so lu b le  i n  e th an o l a t  20" to  pfoduce th e  6 s1 complex 
on tre a tm e n t w ith  th e  n ic k e l th io c y a n a te  s o lu tio n .  The use o f o th e r
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so lv e n ts  ( e .g .  benzene, chlorobenzene) was u n su c c e ss fu l. However, a 
sample o f th e  6:1 complex, f r e e  o f th e  2:1 com plex, was o b ta ined  by r a p id ly  
co o lin g  a s a tu ra te d  s o lu t io n  o f ^ -c h lo ro a n i l in e  in  e th an o l a t  approxim ately  
6(f and im m ediately adding th e  e th a n o lic  n ic k e l th io c y a n a te  s o lu t io n .  
U n sa tis fa c to ry  a n a ly s is  f ig u re s  were ob ta ined  which were shown, u sing  
in f r a r e d  d a ta ,  to  be caused by th e  presence o f f r e e  amine,
2 . The N ickel Selenocyanate Complexe s .
The n ic k e l se len o cy an a te  complexes were p repared  u sin g  s im i la r  
methods to  th o se  used fo r  th e  co rresponding  th io c y a n a te  com plexes.
Only one 4:1 complex, w ith  2 , 5- 2y l id in e ,  was o b ta in ed . The 6:1 complexes 
were n o tic e a b ly  l e s s  s ta b le  th a n  t h e i r  th io c y a n a te  analogues.
3 . The N ickel Cyanate Complexes.
Sodium cyana te  (0 .0 2  mole) was d is so lv e d  in  th e  minimum amount 
o f co ld  w ate r and im m ediately added, w ith  v ig o ro u s shak ing , to  a s o lu tio n  
o f n ic k e l p e rc h lo ra te  (0 .01  mole o f th e  hexahydrate) and th e  amine (0 ,0 6  
mole) in  e th an o l (30 m l), The r e s u l t in g  p a le  b lu e  p r e c ip i ta te  was 
f i l t e r e d  o f f ,  washed w ith  e th e r  c o n ta in in g  a l i t t l e  o f th e  amine and d r ie d  
in  vacuo. T h is  p re p a ra tio n  was rep e a te d  using  sodium az ide  in s te a d  o f  
sodium cyanate  and w ith  a v a r ie ty  o f am ines, bu t in  each case  an u n f iIn ­
f e ra b le  g e la tin o u s  s o l id  was o b ta in ed .
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B. RESULTS AND DISCUSSION
The r e s u l t s  o f m agnetic measurements (Table 4 «2) ,  to g e th e r  w ith  
e le c tro n ic  s p e c tr a l  d a ta  (Table 4 *5 ) s u g g e s t s ix -c o o rd in a te  s t r u c t ­
u res  fo r  a l l  o f th e  complexes'.
1. The T hiocyanate  and Selenocyanate Complexes.
(a) The N i( amine) ^(NOX)^ Complexes.
The 2:1 complexes a re  th e  most s ta b le  and were r e a d i ly  ob ta in ed  
w ith  a l l  th e  s u b s t i tu te d  a n i l in e s  which were in v e s t ig a te d .  The 4:1  and 
6:1 complexes b reak  down to  g ive th e  corresponding  2:1 complexes on washing 
w ith  common s o lv e n ts  o th e r  th a n  petro leum  e th e r .  I d e n t i f i c a t io n  o f  th e
in f r a r e d  bands a s s o c ia te d  w ith  th e  an ions (T ables 4 «3 « and 4 »4 *) has been 
a id ed  by com parisons between complexes o f s im ila r  s t r u c tu r e ,  w ith  d i f f e r e n t  
an ions and th e  same amine. S tru c tu re s  c o n ta in in g  b r id g in g  th io c y a n a te  
and se lenocyanate  groups (F igu re  4 .1 )  a re  s u g g e s t e d , i n  p a r t i c u l a r  
by th e  anion ON s tr e tc h in g  fre q u e n c ie s  (Tables 4*3 and 4 -4 )•  The CS 
s t r e tc h in g  and NOS and NCSe bending fre q u e n c ie s  l i e  i n  th e  range expected  
fo r^ ^ ^ '^ ^  b r id g in g  groups* I t  has been reported^*^^^ th a t  in  some 
c a s e s , th e  f i r s t  overtone o f th e  NO8 bending mode l i e s  c lo se  to  th e  CS 
s t r e tc h in g  fundam ental and i s  o f s im i la r  in t e n s i ty .  However, th e  f i r s t
overtones o f th e  bending modes in  th e  p re sen t com plexes, a re  expected  to
be much h ig h e r th a n  th e  v a lu es  f o r  .
O arbon-selenium  s t r e tc h in g  freq u en c ie s  a re  re p o r te d ^ ^ ^ '? ^ )  to  be 
ex trem ely  weak and no a b so rp tio n  band which could  be ass ig n ed  to  t h i s  mode
has been found in  th e  p re se n t work.
Most b rid g ed  complexes o f th e  type (L ?= un iden t a te  l ig a n d ,
X -  b r id g in g  an ion) which have been G h arao te rised^^^)?^) X -ray s t ru c tu re
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TABLE 4 .2  
MGMITIC DATA FOR THE COMPLEXES
X T
Complex
X  M D f'A
(c.g.S.U* (o .g .8 .u (o .g .S .u (o ,g .8 .U .
X  10") X  10 ' )  X  10^) X  10^) (*K)
/ ' o f f
(B.M.)
N i( a n i l in e ) 2 (NCS)2 11420 4119 196 4315 291 3 .2 0
Ni ( £ - to lu id in e ) 2 (NOS) ^ 9730 3782 233 4015 294 3 .0 9
N i(m -to lu id ine)2(N C S)g 10650 4147 233 4330 291 3 .2 2
î^ i.(£ -to lu id in e ) g (NOS) g 10730 4179 233 4412 291 3.23
Ni (£ -a n is id in e )  g(NCS) g 9740 4103 242 4345 289 3.19
N i(p -a n i sidine)g(N C S)g 9020 3800 242 4042 294 3.10
N i(o-phenetid ine)g(N O S)g 8730 3920 250 4170 296 3.16
N i(^-phenetid ine)g(N O S )g 8640 3875 250 4125 296 3.14
N i(m -ohloroan iline)g(N C S)g 9660 4152 242 4394 291 3.22
Ni (p -o h lo ro a n i l in e ) g(nC S )g 9760 4220 242 4462 291 3 .2 4
Ni (^ -b ro m o an ilin e ) g(NGS)g 8340 4323 258 4581 291 3.28
Ni (^ -io d o an ilin e)g (N C S )g 6980 4281 274 4555 291 3.27
Ni ( 2 , 4“3cy lid in e) g (NOS) g 9810 4093 238 4331 293 3.20
Ni ( 2 , 5-x y lid in e )  g (NOS) g 9710 4052 238 4290 291 3.17
Ni ( 2 , 6- x y l id in e ) g (no S) g 9820 4100 238 4338 294 3.21
N i(3 ; 4-% ylidine)g(N CS)g 9760 4077 238 4315 291 3.20
Ni (_o-anisid ine)^  (NOS) g 5710 3815 310 4125 293 3 .13
Ni (£-phenetid ine)^(N C S)g 5300 3836 356 4192 293 3 .16
Ni ( 2 , 5-x y lid in e )  ^  (NOS) g 5920 4460 286 4746 294 3 .35
N i(aniline).g(N CS)g 5180 3790 430 4220 293 3.16
Ni (£ - t  o lu id in e )  ^ (NOS) g 4790 3918 500 4418 292 3.23
(Contd,
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TABLE 4.2  CONTD,
Complex
X .
( o .g . s .u
X 10^)
X o
( o .g .s .u  
X 10^)
B X ' ,  T
( c .g . s .u ( o ; g . s .u  
X 1o f)  X 10^)(®IC)
^ e f f
(B.M.)
Ni (^ -b ro m o an ilin e )g(NOS)g 2990 3602 614 4216 291 3.15
N i(^-iodoan iline)^(N O S )g 2480 3696 698 4394 291 3 .22
N i(3 , 4 -% ylidine)^(N 0 S)g 4390 3964 566 4530 291 3 .26
N i(aniline)g(N O Se)g 9180 4174 210 4384 293 3 .22
N i(m -to lu id in e )g (noSe)g 8900 4303 247 4550 291 3.27
Ni ( jD-t ol u i d ine ) g ( NC Se ) g 8500 4105 247 4352 293 3.21
Ni (jD -anisid ine) g (NOSe) g 8090 4165 255 4420 292 3.23
N i(^-phenetid ine)g(N O Se)g 7510 4078 265 4343 292 3 .2 0
N i(3 > 4-% y lid in e) g(NCSe) g 7750 3965 253 4218 293 3.16
N i(2 , 5-xy lid ine)^ (N C S e) ^ ' 5430 4085 301 4386 291 3 .2 2
Ni ( j^ -to lu id in e )  ^  (NO Se) g 4 1 8 0 3816 515 4331 291 3 . 1 9
Ni (^-brom oaniline)^(N O Se)g 2870 3729 630 4359 291 3.20
N i(aniline)^(N G O )g 7040 3621 280 3901 292 3 . 0 4
N i(m -toluidine)^(N C O )g 6580 3760 376 4136 294 3 . 1 4
N i(m -c h lo ro a n ilin e )^(NOO)g 6030 3935 360 4 2 9 5 293 3 . 1 8
N i(m -iodoaniline)^(N C O )g 3690 3772 458 4230 292 3.16
N i(3 , 4 - 2y lid in e )^ (N C 0 )g 6370 3997 3 8 2 4379 290 3 .2 0
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TABLE 4 .3
INFRARED FREQUENCIES OF THE THIOCYMATB GROUP.
Complex
ON s t r e to h  
(cm'T)
08 s t r e t c h  
(oi'ir^ )
NOS hend 
(cm“ ^ )
N i(an iline)g (N C S )2 2142(2078) 784 477,460
N i( o - to lu id in e )g(NCS)^ 2129(2093) 782 471 ,459
Ni ( m-t o l u i d ine ) g (NC S ) g 2134(2092) - 472,458
Ni (£ - t  o l u i d ine ) g (NC S ) g 2128(2088) 782 471,454
Ni (£ -a n is id in e )  g(NGS) g 2127(2077 778 472,454
N i(o -p h e n e tid in e )g(NOS)g 2123(2072) 779 476,459
N i(£ -an isid ine)g (N C S )g 2141(2088) 779 471,452
N i(^ -p h e n e tid in e )g(NOS)g 2137(2092) 779 471,454
N i(m -o h lo ro a n ilin e )g(NOS)g 2131 ( 2093) — 471,457
N i(£ -o h lo ro a n i^ in e )g(NOS)g 2132(2083) 781 469,451
Ni (^ -h ro m o an ilin e ) g(NOS)g 2136(2089) 782 472,452
Ni (j^ -io d o an ilin e  ) g (NOS) g 2130(2090) 781 472,455
N i(2 , 4 - 3y l i d in e ) g(NOS)g 2133 783 478,454
N i(2 , 5-x y l id in e )g(NOS)g 2128(2082) 783 473,456
N i( 2 , 6- x y l id in e )g(NOS)g 2125(2076) “* 472,459
N i(3 , 4- x y l id in e )g(NOS)g 2144 792 479
N i(£ -a n i sid ine)^(N O S)g 2093 811 481,473
N i(o-phenetid ine)^(N O S)^ 2094 813 476,469
Ni (£ -to lu id ine)^ (N C S )g 2116(2076) 796 465
N i(2 , 5-x y lid in e ) .(N O S )g 2080 816 486
N i(an iline)g(N C S )g 2100(2146) - 470
Ni (£ -to lu id in e)^ (N O S )g 2100 ( 2145) - 481
(ContcL,
TABLE 4 .3  COKTD.
^ 7 1  —
Complex CN s t r e to h/ .“1 \(cm )
e s  s t r e t c h  
(om'"'^)
NOS bend
N i( 3 , 4~ x y lid in e ) g (HCS)g 2106( 2145) 800 480
Ni (j^ -o h lo ro an ilin e  ) ^  (NOC) 2 2064 - 487
Ni (£ -b rom oan iline) g (NOS) g 2099,2078 - 481
Ni (£ - io d o a n il in e ) ^(NC S) g 2096 - 478
N i(p y r id in e )g (nos) g(a) 2106 780 474,466(9)
N i(p y r id in e )^ (nos) g 2090 792 480,477
N i(p y r id in e )^(NC S) g2 . p y r id in l  2091 795 482,477
N i(ethylenediam ine)g(N O S)g^°^ 2065,2055 740 -
KNCS "^^ ) 2053 749 484,470
(a) From re fe re n c e  6 3 .
(c) From re fe re n c e  65 
(e) From re fe re n c e  22 .
(b) From re fe re n c e  64 
(d) Froiïw refex«a^ice 66
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TABLE 4.4
INFRARED FREQUENCIES OF THE CYANATE AND SELENOCYANATE GROUPS
Complex ON s t r e to h
(om -b
\ s t r e t c h  
08e )
(om"\)
NCO ) 
NCSeP^''^
(onTl)__.__.
N i(aniline)^(N C O )g 2210 1313 616
N i(m-t oluidine)^(NCO )^ 2226 (2163) 1313 620
N i(ra-ch loroan iline)^(N C 0)2 2226 (2162) 1316 619
N i(m -iodoaniline)^(N C O )g 2212 1316 617
N i(3 , 4- 3y l id in e )  (NOO)g 2217(2160) 1316 616
Ni (y-piooline)^(N O O )g(^') 2221 1296
KNCo(T )^ 2165 1301,1207 637,628
N i(an iline)g(N C S e)g 2144(2093) - 429
N i(m -to lu id in e )g (NCSe)g 2136 - 425
N i( £ - to lu i  d in e ) g (NG Se) g 2150 ~
N i(£ - a n is id in e )g (NCSe)g 2139(2091) — 411
Ni (£-phenetid ine)g(N C Se)g 2136(2083) - 411
N i( 3 , 4-x y l id in e ) g(NCSe) g 2149(2097) - 420
N i(2 , 5-x y lid in e )^ (N 0 Se)g 2080(2038) - -
Ni (£ - t  o l u i d ine ) g (NC Se ) g 2103(2048) - 431
Ni (jg-br omoani 1 in e  ) ^  (.NCSe) g 2077(2050) - 443 ,433
0 o(N08e) 2135 639 417,403
N i(pyridine)^(N C Se)g^^^ 2088 664
1 e ^KNOSe  ^ " 2070 558 424,416
(a) From re fe re n c e  67
(d) From re fe re n c e  64
(b) From re fe re n c e
(e) From re fe re n c e
72 (c) From re fe re n c e  69
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finalyses appear to  have c h a in  s t r u c tu r e s  as in  F ig u re  4 *1° A t r a n s -  
arrangem ent o f su lp h u r o r  selen ium  atom s, as in  F ig u re  4-1  i^  sug g ested  by 
th e  e le c t r o n ic  s p e c tr a  (Table 4 ®5 ? F igure  4 ®2 ) which in d ic a te  te tr a g o n a l  
s t r u c tu r e s  fo r  th e  complexes® As i s  f o r  m arkedly
te tr a g o n a l  n i c k e l ( l l )  complexes b a n d - s p l i t t in g  i s  observed  fo r  th e  f i r s t
o f th e  t r a n s i t i o n s s
\ p  —  ^ ^T (P) p(ÿ^) a s s o c ia te d  w ith  o c tah ed ra l n io k e l ( l l )  IS o The t e t ­
rag o n a l a x is  (a  "  a x is )  i s  ta k e n  a s  th a t  th rough  th e  su lp h u r and selen ium  
atom s, in  th e  th io c y a n a te  and se len o cy an a te  complexes respective ly®  The 
a x ia l  l ig a n d  f i e l d  (lODq^) i s  th e n  expected  to  be weaker th a n  th e  p la n a r
■ s
l ig a n d  f i e l d  (lO D q^) caused  by th e  n itro g e n  atoms o f  th e  p seudohalide  and 
a n i l in e  groups® The t r u e  symmetry about th e  n ic k e l  atom i s  b u t i t  
may be tak en  as  approx im ate ly  h e re  and th e  components o f th e  7^ ^ band
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TABLE 4 .5
ELBCTR03VTIC (DIFFUSE HBEIEGTMQE) SPECTRA OF THE 
GYAÏÏATE, THIOCYARATE M D  SBMOCYARATE COMPLEXES
Complex
i> o
R i( a n i l in e ) 2 (nos) 2 Approx. 27 .0 16.4 10.6 8 .4
m  ( o - t  o lu id in e  ) gCîTCS) ^  " 26 ,0 (21 . 4 ) 16,0 10 . 5 (sh) 8 .7
Ni (m -to lu id in e ) 2 (RCS) ^  " 27.0 ( 21 . 0 ) 16.4 10.8 8 .3
M  ( £ - t  o l ui'dine ) ^  (NC S ) ^  " 27.0 (20 . 8 ) 16.8  0  6 .9 5  14.0] 10 .9  b y  8 .6  jg .J
Ni (o -a n ia id in e )  ^ (NCS) ^  ’* 27.9 ( 20.6 16.1 10.5 8 .2
Ni (£ -a n i e i  d ine ) ^  (NG S) ^  »» 28 .0 16.6 11.0 8 .3
Ni (^-phenetid ine)^(N C S)^  ” 26 .0 16.0 10.6 8 .0
Ni (^ -p h e n e tid in e )  ^  (NCS) ^  " 26 .0 16.6 10.9 6 . 4
N i(m-olilo ro a n i l in e )2 (NCS)^ " 27.0 (20 .4) 16.4 10.6 8 .2
Ni (^ -o h lo r  ooni 1 in e  ) g (NO S) ^  ” 27.0 (20 .5) 16.4 10.8 8 .5
Ni (_g-bromoaniline) 2(1103)2 ” 27.0 ( 20 . 4 ) 16.3 10.7 8 .4
Ni (jg^-iodoaniline) 2 (N0S) g ’* 27.0 15.9 10.4 8 .2
N i(2 , 4- x y l id in 8 ) 2 (N03)2  ” 26 .0 16.0 10 . 2 (sh) 8 .55
N i( 2 , 5- 3y l id in e ) g(NG S )g " 26 .0 15.6 10 . 4 (sh ) 8.1
Ni ( 2 , 6-% ylid ine) g (NO8 ) g " 26 .0 15.5 8 .6
N i(3 j 4*-3y l i d in e ) 2 (NCS)2  " 27.0 ( 20 . 6) 16.5 j l6 .5 5  13 . 1sh| 10 . 9| i .1 ^ ■ # • 3 5 1
Ni (^ -to lu id ine)^(N C S ) g " 2 6 .0 15*7 9 .2
Ni (^ -a n i s id in e  ) ^  (NO 8) g ” 27.0 16.7 (12 .2 ) 9 .9
Ni (^ -p h e n e tid in e )^  (NOS) g ” 26 .0 ( 22.4 16.4 ( 12 . 2 ) 9 .8
N i(2 , 5-xy lid ine)^(N C S )2  " 27.0 ( 22 . 2) 16.6 ( 12 . 2) 9 .8
N i(an iline)g (N C S )2  " 27.0 (22 .0) 16.6 ( 12 . 2) 9 .6
(Contd.
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TABLE 4*5 OONTD.
Complex
V 3 *^2
- 5
V i
N i(2~toluidine)^(N O S)^A pprox. 27.0 16.9 (12 .2 ) 10.1
M (j£-ohloroaniline)g(N C S)g ” 26 .0  (22 . 6) 16.6 ( 12 . 2) 9*8
Ni (jp-brom oaniline) ^ (NGS) ^  " 26 .0  (22 .4 ) 16.7 (12 .2 ) 9 .9
N i(j£-iodQ aniline)g(N CS)g '* 27.0 17*0 (12 .2 ) 10.0
N i(3 , 4 -x y l id in e ) g (NCS)g " 27.0 16,7 (12 .3 ) 9*9
N i( a n i l in e ) 2 (NCSe)2 " 26 .0 16.25 \  . 10.6 8 .0
N i(m -to lu id in e )2 (NCSe)2 ” 2 6 .0 16.75 10.7 8 .7
Ni ( ^ - to lu id in e ) 2 (NCSe)2 " 2 6 .0 16.6 10.65 8 .6
Ni (2 ~ ^ i  s id in e  ) 2 (NC 80)2 " 26 .0 16.5 10,7 8 .3
Ni (^ -p h e n e tid in e )  2 (NCSe) g " 2 6 ,0 16.7  I 7 .0 5  13.7J1O .6 E ° -9]8 . 3 § . 6a
N i(3 , 4- z y l id in e ) 2 (NCSe)2  " 26 .0 16.6 10*9 8 .5
Ni ( 2 , 5-x y l id in e  ) ^  (NC Se ) g » 27.0 16.6 (12 .2 ) 9 .8
N i(2 -to lu id ine)g (N C S e)g  " 27.0 16,9 ( 12 , 3 ) 10.1
N i(£-brom oaniline)g(N C So)g ’* 26 .0 16.9 jl7 * 2 5 ](l2 .^ § 2 .2 j' 1 10.0 0 ^*35]
Ni ( a n i l in e )  ^ (NCO) 2 " 26 .0 15.3 9 .2
Ni (m -to lu id in e )^  (NCO) 2 " 27,0 16.1 9 .2
N i(m -ohloroan iline)^(N C 0 )2  ” 27.0 16.1 9 .05
Ni (m -iodoan iliiie )  ^  (NOO) g " 27.0 15.9 8 .9
N i(3 , 4-% ylid lne) (NOO)g " 27.0 16.05 9*2
V alues a re  o f l i t t l e  s ig n if ic a n c e  "beoause o f in te n s e
lig a n d  a b so rp tio n  in  th e  30,000  cm  ^ reg io n .
F ig u res  i n  p a ren th ese s  re p re se n t very  weak peaks o r sh o u ld e rs . 
F ig u res  in  square b ra c k e ts  re p re se n t v a lu e s  a t  l i q u id  n itro g e n  
te m p e ra tu re s ,
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in  o rd e r o f in c re a s in g  enorgy a re  th e n  assigned^^^) to  th e  — *"
and ^B ---- * ' t r a n s i t i o n s ,  w ith  en e rg ie s  o f  and lOBq.^1g 2g
re s p e c t iv e ly .  The v a lu es  o f 10Dq,^ should  he r e la te d  to  th e  l ig a n d
f i e l d  s tre n g th  o f th e  a n i l in e s  and they  in c re a se  approxim ately  l in e a r ly
(Table 4 . 6 ) w ith  v a lu e s  o f lOBq f o r  th e  few complexes o f th e  type
[m ( a n i l i n e ) (B F^)2 which a re  d e sc rib e d  in  S ec tio n  I I I .  A somewhat
xyp o o rer c o r r e la t io n  i s  found between th e  10Dq v a lu e s  and th o se  f o r  some 
t r a n s -  N i(a n il in e )^ (C 10^)g  com plexes.
The s p l i t t i n g  o f i s  equal to  î
0 . 5 ( l 0I iq ^  -  10Bq^).
Thus i f  th e  f i e l d  a s s o c ia te d  w ith  th e  su lp h u r o r selenium  atoms 
were approxim ately  co n s tan t a l i n e a r  r e la t io n s h ip  between th e  s p l i t t i n g  
and 10D q ^  (energy o f th e  t r a n s i t io n )  would be ex p ec ted .
T h is  was found f o r  th e  t r a n s -  M (a n ilin e )^ (C 10^ ) 2 system  a lthough  th e  
s lo p e  was g r e a te r  th a n  th e  expected  0 . 5 . T h is  appeared to  be caused  by 
th e  non-constancy o f  10Bq^ which decreased  s te a d i ly  as 10D q ^  in c re a s e d .
W ith th e  p re se n t system  no c o r r e la t io n  i s  found between th e  3^^  s p l i t t i n g  
and 10D q ^ . T h is  may be because o f th e  la c k  o f c o r r e la t io n ,  o r o f smooth 
decrease  o f 10Dq^ w ith  in c re a s in g  lO D q^. The decrease  o f  10Bq^ w ith  
in c re a s in g  10D q ^  in  th e  p e rc h lo ra te  system i s  p robab ly  a s so c ia te d  w ith  
th e  re d u c tio n  o f th e  e f f e c t iv e  p o s i t iv e  charge on th e  m etal io n  caused by 
th e  p la n a r  l ig a n d s . W ith th e  th io c y a n a te  and se lenocyanate  complexes 
t h i s  re d u c tio n  o f charge would d ecrease  th e  <r-bond o rd e r from su lp h u r o r 
selenium  to  n ic k e l bu t might in c re a s e  th e  1T—bond o rd e r from n ic k e l to  
su lp h u r o r selen ium . T h is  could  le ad  to  an in c re a se  o f  lOBq^ and th e re ­
fo re  p o ss ib ly  a d ecrease  o f s p l i t t i n g ,  as  103) q ^  in c re a s e s .  T h is  i s  
found w ith ; f o r  exam ple, jw i(m -to lu id ine)^(N C 8 ) and jw i(jg-to lu ld ine)^(N C 8 ) ^
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TABLE 4*6
SPECTRAL PARAÎ^SETERS OF S O m  OF THE COMPLEXES
-1 -3cm X 10
Complex lODq lOBq dKe (c)
Ni (2 -an i s id in e  ) ^  (nCS) ^ — 11.0 5.6 2,7 11.6 10,1 5.34
Ni (^-phenetid ine)^(N C S)^ — 10.9 5*9 2 .5 11.65 10.05 5.20
N i(3 , 4 -z y l id in 8 )g (NCS)^ — 10.9 5.5 2 .7 9.75 5*17
N i(£ -to lu id ine)^ (N G S )^ — 10.9 6.3 2 .3 11.55 9.95 5 .08
N i(ra-t o lu id in e ) ^(NOS)^ - 10 ,8 5 .8 2.5 11.45 9.85 4 .70
Ni (£ -o lilo ro a n ilin e )  ^(NCS) ^ - 10 .8 6 ,2 2 .3 11.4 - 4*15
Ni (^-b rom oan iline)  ^  (NOS) ^ - 10.7 6.1 2,3 11.45 3 .8 6
N i( a n i l in e ) 2 (NCS)2 - 10 .6 6 .2 2 .2 11.35 9.25 4*60
N i(m -ohlo ro a n i l in e )2 (NGS)^ — 10 ,6 5.8 2 .4 11.05 - 3.46
Ni (jo-phenet id in e )  ^ (NOS) ^ — 10 .6 5.4 1.4 - -
Ni (o - to lu id in e )  ^ (NCS) ^ - 10.5 6 .9 1 .8 11.0 — 4.45
Ni ( o -an i s i  d ine ) ^  ( NO 8 ) ^ — 10.5 5.9 2 .3 - -
N i( 2 , 5-x y l id in e ) ^(NO s)  ^ — 10.4 5 .8 2 .3 11.45 4 .53
Ni (jg -io d o an ilin e) g(NCS) ^ - 10.4 6 ,0 2 ,2 11 .35 — 3.78
Ni ( 2 , 4- 35y l  id in e  ) 2 2 — 10 .2 6 .9 1.65 - —
N i( 3 ,4-xylid ine)^(N O So) ^ — 10.9 6.1 2.4 ““ 9.75 5.17
Ni (2 -an isid ine)^ (N C S e)^ - 10.7 5 .9 2 .4 11 ,6 10.1 5 .34
N i(m-t o lu id in e ) ^(NO Se)^ — 10.7 6.7 2 .0 11.45 9.85 4.70
Ni (2,-t o lu id in e )  ^  (NCSe) ^ — 10 .65  6 .55 2.05 11.55 9.95 5 .08
Ni (2-phene t l  d i ne ) ^  (no S e ) 2 — 10.6 6 .0 2 .3 11.65 10.05 5.20
N i(a n i1in e ) ^(NOSe) ^ — 10,6 5.4 2 .6 11.35 9.25 4 .60
N i(2 - to lu id in e )g (N 0 S)2  10.1 — - 11.55 9.95 5.08
(Contd.
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TABLE 4*6 CONTD.
Complex 103)q. 10D q ^
cm  ^
10Dq.^  ^ D t
X 10“ ^
10Dq*y(^) pKa
N i(£ -io d o a n i1in e ) ^(noS)2 10 .0  — — — 11.35 — 3.78
Ni ( 3 ,4“'x y lid in e )  g (NCS) 2 9 .9 — — — 9.75 5.17
Ni (jg^-hromoaniline) ^  (NCS) g 9*9 — — 11.45 - 3 .86
Ni (^ -c h lo ro a n il in e )  ^  (NCS) g 9 .8 -  — 11.4 - 4 .15
N i(an iline)g (N C S )g 9.6 — — 11.35 9.25 4.60
Ni (^ -to lu id ine)g (N C S e)^ 10.1 — — 11*55 9.95 5.08
Ni (^ h ro m o a n ilin e )  g(NCSe) ^ 10,0 — — 11.45 ** 3 .86
(a) V alues o f 10Dg.^ f o r  complexes o f  th e  type  [N i(a n ilin e )^ (C 10^ ) 2] 
(h) V alues o f lODq f o r  complexes of th e  ty p e  [H i(a n il in e )
(c) From re fe re n c e  58.
Ro
o r ]  and [w i(an iline)^(N C S e)g ]  (Table 4 . 6 ) .
Thus, t h i s  la c k  o f c o r r e la t io n  between parameterpk fm ’ "khe th io c y a n a te  and 
se len o cy an a te  system , in  c o n tra s t  to  th e  p e rc h lo ra te  com plexes, may be 
caused by th e  p resence o f IT—bonding in  th e  form er system . For complexes 
o f th e  type  NiLXg (L = p la n a r , ' t e t r a d o n ta te  lig a n d , 8 ,8^ - x y l y l - 2 , 3 -p en ta n e - 
d io n e b is  (m eroap toethy lim ine) bonding v ia  two n itro g e n s  and two su lp h u rs  5 
X = a ,  NCS ,
Brubaker and Busch have shown^^^^ th a t  an in c re a se  in  th e  a x ia l  f i e l d  i s  
accompanied by an in c re a se  in  th e  p la n a r  f i e l d  (see  S ec tio n  I ) .  T h is  may 
bo a s so c ia te d  w ith  th e  e x te n t o f  iT-bonding between th e  m aorocyclic lig a n d  
and th e  n ic k e l io n , the'lT-bond o rd e r  from n ic k e l to  su lp h u r in c re a s in g  as 
th e  n io k e l-a n io n  crt-hond o rd e r in c re a s e s .
The s p l i t t i n g  o f in  th e  2:1 se len o cy an a te  com plexes, w ith  th e
ex cep tio n  o f [N i( a n i l in e ) 2(^080)2}, i s  le s s  th an  th a t  f o r  th e  co rrespond ing  
th io c y a n a te  com plexes. In  g e n e ra l,  th e  v a lu es  o f lO D q^ and lODq^ f o r  
th e  so lenocyanate  complexes a re  r e s p e c t iv e ly  l e s s  and g r e a te r  th a n  th e  
v a lu es  fo r  th e  th io c y a n a te  com plexes. T h is  le s s e n in g  o f th e  te tr a g o n a l  
c h a ra c te r  in  th e  so lenocyanates  i s  s u rp r is in g .  I t  i s  reported^^^*^^"^^) 
th a n  “NCS occupies a s l i g h t ly  low er p o s it io n  in  th e  spectroohem ical s e r ie s
(71 )th a n  “NCSe. B urm eis te r and W illiam s have com pared' '  th e  v i s ib l e  s p e c tra
o f ^ d (sO N )^ ^  and [pd(SeCN)^^^’* and have shorn th a t  in  t h i s  system  a t  
l e a s t ,  “SeCN l i e s  low er i n  th e  spectroohem ical s e r ie s  th an  -SON.
The s p e c tr a  o f a number o f th e  complexes have been measured a t
l i q u id  n itro g e n  te m p era tu res  (Table 4 *5 , F igu re  4 *4 )* In  th e  2:1 complexes
th e  second component o f ^ ^‘^ 2g ^4h becomes apparen t
on c o o lin g . A ll bands ass ig n ed  to  sp in -a llow ed  t r a n s i t io n s  move to
h ig h e r  energy on c o o lin g .
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(b) The ITi(amine)^(NGX)^ Complexes.
These complexes were only  ob ta ined  w ith  ^ - s u b s t i tu te d  a n i l in e s  
used in  g re a t ex ce ss . The th io c y a n a te  and se lenocyanate  in f r a re d  bands 
o f th e se  compounds (T ables 4»3 and 4 «4 ) a re  in  th e  u su a l
f o r  th e  IT-bonded an io n s. However^ th e  bands a re  no t f a r  from th e  re g io n  
fo r  th e  io n ic  groups and a re  c lo se  to  those  f o r  th e  M(amine)^(HCX)^ comp­
ounds, which appear to  c o n ta in  uncoord ina ted  an io n . With jo - to lu id in e  
and 2 , 5-"Sylidine compounds a l l  fo u r  amine m olecules a re  co o rd in a ted , accord­
in g  to  in f r a r e d  ev idence , and to  ach ieve s ix -c o o rd in a tio n , co o rd in a ted  
an ion  i s  n e c e ssa ry . W ith th e  o -a n is id in e  and o i-phenetid ine compounds
s ix -c o o rd in a te d  s t r u c tu r e s  o f th e  type |Wi(amine)^^(WOS)^, w ith  two u n i-  
and two b i -  d e n ta te  lig a n d s , would be p o s s ib le ,  as found w ith  th e  complexes 
[lTi(amine)^^X^ (X = BF^, 010^ ) .  In f ra re d  a b so rp tio n s  a s s o c ia te d  w ith  
carbon-oxygen v ib r a t io n s ,  i n  methoxy- and e th o x y a n ilin e s  a re  re p o rte d ^ ^ ^ '^ ^ )  
to  occur i n  th e  1300-1200  cm  ^ re g io n . The v a lu es  o f th e se  ab so rp tio n s  
would be expected  to  change, oh c o o rd in a tio n  o f  th e  oxygen atom. In f r a re d  
a b so rp tio n s  in  th e  1320-1200  cm  ^ re g io n  f o r  a number o f complexes a re  
g iv en  in  T able 4 *7 * Complexes which have been shovm to  c o n ta in  bo th  u n i-
d e n ta te  and b id e n ta te  am ines, show more complex p a t te rn s  th an  th o se  which 
c o n ta in  only u n id e n ta te  amine (F ig u re  4 . 3) .  C o rre la tio n s  o f v a lu es  o f 
ab so rp tio n s  f o r  f r e e  u n id e n ta te  and b id e n ta te  amine, f o r  a p a r t i c u l a r  andne, 
a re  no t ap p a re n t. The r e l a t i v e ly  sim ple p a t te rn s  fo r  th e  4:1 th io c y a n a te  
complexes suggest s t r u c tu re s  o f th e  type  |Wi(amine)^(lTC8 ) ^  w ith  u n id e n ta te  
andne and co o rd in a ted  th io c y a n a te  g roups. A lthough in f r a r e d  d a ta  f o r  
th e se  two complexes do no t d is t in g u is h  between IT-bonded and io n ic  th io c y a n a te  
g roups, th e  p o s s i b i l i t y  o f S-bonded th io c y a n a te  i s  d e f in i te ly  ru le d  o u t.
Amine in f r a r e d  evidence su g g es ts  bonded th io c y a n a te  groups and t h i s  i s
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TABLE 4*7
INERAEED ABSORPTIONS IN THE 1320-1200 REGION FOR SOME
AI^ 'IIRES AED COmBXES CORTAINIRG WHOXT- OR ETHOXÏ- GROUPS
Complex , - 1A bsorption  Maxima (cm )
(a)jo-anisidine'' * 1305(m) 1274(s) 1225(a)
£-phenetidine ^ ^ 1310(m,sh) 1275 (a) 1220(a)
Ni (o-ani si dine)g(NCS)g(^) 1297(m) 1257(a) 1225(a)
Ni (o-phenetidine) g (NGS) 1295(0 ) 1255(a) 1225(a)
Ni ( o-ani si dine)^ (NC S )^ 1298(m) 1261(a) 1219(a)
Hi(o-phenetidins) (HCS)g 1?9 4 (m) 1259(a) 1219(a)
N i(o -a n is id in e )^ (G 10^ ) 2 ^^^ 1304(m ,sh) 1300(m) 1260(s )  1257(sh) I 227 (ra
1223(sh)
E i(o -p h e n e tid in e )  (010 ) M 307 (m) 1286(w) I275(w) 1260(s )  1256(Bh) 1233(s) 
/  1229(sh)
E i(o -a n is id in e ) ^(SE^)g  ^ 1301(sh ) 1298(m) 1259(s) I250(sh) I 222 (m) 1206(m)
N i(^ -p h e n e tid in e ) ^(BE^)^ 1311(m) 1263(s) 1246(w) 1238(w) 1224(a)
m = medium; s = s tro n g ; w = weak; sh = sh o u ld e r,
(a) C on ta ins f re e  methoxy- o r e thoxy - g roups.
(h) C on ta ins "both f r e e  and co o rd in a ted  methoxy- o r e th o x y - groups.
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f u r th e r  supported  by f a r - in f r a r e d  d a ta  (see  S e c tio n  VI}*
E le c tro n ic  s p e c tra  (Table 4 *5 » F igure  4 *2) a re  c o n s is te n t  w ith  
s t r u c tu re s  as ^ i (ami ne(NGX)^  ^ ( X  = S, S e), w ith  N-bended anions f o r  th e se  
compounds. L i t t l e  o r no d i s to r t i o n  from 0^ symmetry i s  in d ic a te d  f o r  th e  
n i c k e l ( l l )  io n s  w hich i s  ex pec ted , as  th e  a n i l in e s  and N-bonded th io c y a n a te  
o c c u p y ^  s im ila r  p o s it io n s  in  th e  spectroohem ical s e r ie s*  The v a lu es  
o f th e  band (^Ag^ — ^  ^T^^, in  0^ symmetry) f o r  th e  complexes 
N i(£ -an isid ine)^ (H C S )2  ( 9,900  cm ^) and N i(2 -p h en e tid in e )^ (N 0 8 )^  ( 9 ?B00  cm *) 
a re  h ig h e r th an  th e  v a lu es  f o r  th e  co rrespond ing  te t r a f lu o ro b o ra te  (9500 cm  ^
and 9450 cm  ^ r e s p e c t iv e ly )  and p e rc h lo ra te  (9,500 cm  ^ and 9,300  cm  ^
r e s p e c t iv e ly )  com plexes, which f u r th e r  su ppo rts  th e  su g g es tio n  (see  page %% ) 
th a t  th e  th io c y a n a te  coQplaxGs;.havo N-bonded th io c y a n a te  g roups, in  c o n tra s t  
to  th e  te t r a f lu o ro b o ra te  complexes which a re  b e lie v e d  to  have NiN^G^ 
ohr omophore s *■
(c) The Hi(amine)^(NGX)^ Complexes.
These compounds have no t been ob ta ined  in  th e  course o f th e  p re se n t 
work w ith  amines hav ing  s u b s t i tu e n ts  o th e r  th a n  in  th e  p o s i t io n .  The 
an ion  CN s t r e tc h in g  fre q u e n c ie s  f o r  th e se  compounds a re  somewhat h ig h e r  
th a n  th e  usual v a lu e s^ ^ ^ '^ ^ '^ ^ ^  f o r  io n ic  th io c y a n a te  o r se lenocyanate  
g roups, and a r e ,  in  f a c t ,  q u ite  c lo se  to  th o se  in  th e  (nI ( am ine)^(nGX)^]! 
compounds. The NGX bending fre q u e n c ie s  a re  no t d ia g n o s tic  s in c e , a lthough  
n e a r  to  io n ic  v a lu e s , th ey  a re  a ls o  in  th e  range fo r  N-bonded NGX. For 
most o f th e  compounds GS o r GSe s t r e tc h in g  frequency  bands a re  obscured by 
s tro n g  a b so rp tio n s  o f th e  amine l ig a n d s .
Two p o s s ib le  s t r u c tu r e s  f o r  th e se  complexes a re  (N i(amine) g](EGX)^ 
and [ki(amine)^(NOX)g] 2 amine. The analogous hexalc is-pyrid ine  complexes
8 6  7
have s tru c tu re s  o f th e  ty p e  [m (pyridine)^(N G X ) ^ Is p y r id in e  (X := 0 ,S ,S e) w ith  
in f r a r e d  hands from th e  f r e e  a m i n e *  V alues f o r  ^ ^ i^ h  may be
a t t r i b u t e d t o  f r e e  amine are  shown by ju i (^ -ch lo ro an ilin e)^ ^ (N G 8 )gtiEr 
o h lo ro a n i l in e )^ , bu t th e se  bands a re  not p re sen t i n  th e  o th e r  6 s1 th io c y a h a te  
o r se lenocyanate  com plexes. Most o f th e  complexes show two GN s t r e tc h e s  
(Table 4 . 8 ) .  The h ig h e r band cou ld  bo a s s o c ia te d  w ith  f r e e  amine,, how­
e v e r , w ith  th e  te t r a f lu o ro b o ra te  com plexes, in  which a l l  th e  amine m olecules 
a re  c o o rd in a ted , two GN s t r e tc h e s  a re  g e n e ra lly  observed (Table 3 »11) w ith  
one o ccu rrin g  n e a r to  th e  f re e  amine v a lu e s . Thus, th e  evidence found 
in  th e  1300- 1200 om  ^ re g io n  fo r  th e  6 s 1, th io c y a n a te  and.-selenocyanate 
com plexes i s  r a th e r  in c o n c lu s iv e .
The occurrence o f GN s t r e tc h in g  fre q u e n c ie s  r a th e r  h ig h e r th a n  
u sual fo r  io n ic  th io c y a n a te  o r se len o cy an a te  groups may be produced by hyd­
rogen bonding between th e  an ions and th e  amine NHg groups'. G e r ta in ly  
th e  NHg s tr e tc h in g  a b so rp tio n s  fo r  th e se  compounds show broad complex 
a b so rp tio n s  e i th e r  s id e  o f th e  two main peaks (F ig u re  4 »5)* Such complex 
a b so rp tio n s  a re  a lso  p re se n t ^ iith  one 4«1 complex, [ f f i(£ - to lu id in e )^ (N C S )J , 
b u t a re  com plete ly  absen t w ith  th e  2 s1 com plexes, where th e  p resence  o f 
b r id g in g  groups presum ably re n d e rs  th e  anion in a c c e s s ib le  fo r  hydrogen 
bonding, G u r tis  and C u r tis  have studied^^^^ some th io c y a n a te  s a l t s  o f 
th re e  isom eric  hexam ethy lte t rar-azaoyo lo te t ra d e c a d ie n e n ic k e l(I I ) c a t io n s  
and have shown th a t  in f r a r e d  s p e c tra  s tro n g ly  suggest hydrogen bonding 
between th e  c o o rd in a ted  secondary amine groups o f th e  complex c a t io n  and 
th e  th io c y a n a te  io n .
The e le c tro n ic  s p e c tra  o f th e  6:1 com plexes, w ith  a symmetric and 
u n s p l i t  band, in d ic a te  l i t t l e  o r no d i s to r t io n  from 0^ symmetry. The 
lODq v a lu es  a re  r a th e r  h ig h e r th a n  th o se  fo r  th e  r e la te d  system s o f  th e
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TABLE 4 .8  
INFRARED ABSORPTIONS ASSOCIATED WITH 
THE A3VÎIN0-GR0ÜPS IN THE C0]\5PLEXBS
Complex
NHg s t r e to h  
antisym  
(om ) sym(om‘” )
NHg d e f 
(om"^)
CN s t r e to h  NHg wag 
(om"^) (om ^)
N i( a n i l in e )2 (noS )2 3329 3307 1587 1235 1043
Ni (£ - t  o l u i d ine )^ ( NC S ) g 3346 3290 1593 1235 1023
Ni (m-t o lu id in e )  2 (NGS) 2 3329 3305 1582 1271 1039
Ni (£ - t  o lu id in e )  2 (NGS) ^ 3324 3298 1587 1245 1043
Ni (£ -a n i s id in e  ) ^  (NG S) g 3321 3255 1561 — 1046,1030
Ni ( p -an i s i  d ine ) g (NO s) g 3329 3260 1580 — 1062,1036
Ni (o -p h en e tid in e )  2 (NCS) g 3326 3262 1564 — 1048
Ni (j£~phenetidine) 2 (NCS) g 3326 3268 1587 1248,1232 . 1047
Ni (m -o h lo ro an ilin e ) 2 (nos) g 3329 3298 1582 1236 1034
N i(^-hrom oaniline)g(N C S)g 3332 3260 1580 1242 1037
Ni (£-iodoan iline)g(N G S)g 3328 3257 1587 1237 1030
Ni (2 , 4“xy1idine)g(NO S)g 3333 3274 1580 1266,1225 1031
N i( 2 , 5-x y l id in e ) g (NCS) g 3364 3275 1585 1255 1013,991
N i(2 , 6-xylid ine)g(N G S)g 3358 3290 1581 1261 1018
Ni (3 , 4~ x y lid in e ) g(NG S)g 3324 3260 1574 1300,1252 1041,1005
Ni (£ -oh loroan iline)g(N O S )g 3329 3302 1585 1291,1244 1037
N i(o - to lu id in e ) ^(NOS)g 3355 , 3288 , 3236,3150 1590 1263,1243 1060,1038,988
Ni ( £ - a n is id in e ) ^ ( nos) g 3379 3283 1565 1045,1021,992
Ni (£-phene t  id in e ) ^(NG S) g 3355 3286 1562 1042,990
N i( 2 , 5-xy lid in e)^ (N C s)g 3362 3292 1563 1254 1013,987
(Contd.
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TABLE 4 .8  CONTD.
Complex
NHg s t r e t c h  NHg def 
an tisym  . 
(cm ) sym(om ) (om
CN s t r e t c h
) (om"^)
NHg wag 
)
N i(an ilin e ).(N C S )»  3375 , 3360 , 3310 , 3290 , 
^ 3260
1582 (1277)1268,1245.
1235
, 1045,1006 
985
m (p -to lu id in e)^ (N O 8) ^ 3362 , 3350 , 3316 ,
^ 3297,3262 1580 (1262)1275,1247 1023,1000
N i(£ -o h lo ro a n il in e )g ( nos) P 3480 , 3412 , 3364 , 
" 3298,3275,3260 1581 (1270)1274,1246 1017,1007
Ni (^ -hrom oaniline  ) ^  (NOS) g 3400,3347,3324,
3284 1583 (1270)1276,1246 1016,1005
Ni (£ - i  odoani l in e  ) g (nos) g 3400,3320,3260,
3210
1580 (1270)1280,1236 1018,1002
N i(3 , 4“sy lid ine)g(N C S)g 3386 , 3350 , 3310 ,
3282 1591
1269,1262 1022,1010
995
N i(an iline)g(N C S e)g 3322 3240 1567 1244,1234 1044
N i(m -t o lu id in e ) g(NC Se) g 3320 3260 1576 1263 1030
Ni (£ - t  o lu id in e ) g (NC Se) g 3318 3244 1580 1236 1036,1019
Ni (jD-ani s id in e )  g (NCSe ) g 3312 3246 1575 - 1055,1030
Ni (^-phene t  id in e  ) g (NO Se ) g 3312 3252 1569 — 1066,1050
N i(3 , 4-x y l id ln e ) g(NCSe) g 3311 3248 1575 1255 1034,1000
N i(2 5 5-x y l id in e ) ^(NCSe) g 3362 3291 1566 1293,1252 1012,986
Ni (£ - t  o lu id in e ) ^(NC Se) g 3390,3333,3311,
3270,3229
1588 (1262)1270,1244 1074,1021,
1009
Ni (^ -h ro m o an ilin e) g(NC Se) P 3400 , 3340 , 3280 ,
3200 1579 (1270)1269,1243 1023,1002
N i(a n i l in e )^ ( nCO)g 3500 ,3447,3350,3300,
3274
1581 1246,1235 1008,989,
967
N i(m -toluidine)^(N C O )g 3357 , 3282,3268 1594 1272,1262 1008,978,968
N i(m -ohloroaniline)^(N C O ) 2 3340,3280,3256 1588 1246,1238 1001,979,970
N i(m -iodoaniline)^(N C O )g 3473 , 3411 , 3333 ,
3283,3253
1571 1255,1243,1235 1000,986,97:
N i(3 , 4*“sylid ine)^(N C O )g 3350 , 3334 , 3291,3254  1594 1262 1018,976
V alues i n  p a ren th ese s  re p re s e n t f r e e  .amine v a lu es  from re fe re n c e  8 2 *
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type  [Ni (andne) (X = 010^) , T h is  might ho hooause o f  s l i g h t ly
more compact l a t t i c e s  in  th e  case  o f complexes w ith  th e  r a th e r  l e s s  
bulky NCS and NCSe groups.
Some r e l a t i o n  might be expected  between 10Dq. v a lu es  f o r  th e  
[Ni(amine)g][(NCX)2 complexes and amine pKa values* However, over th e  
lim ite d  range o f complexes o b ta in e d , very  l i t t l e  c o r r e la t io n  i s  seen 
(Table 4 *6)* Q u ite  c lo se  c o r r e la t io n ,  however, i s  found between lOBq. 
v a lu e s  o f th e  complexes and m easures o f amine lig a n d  f i e l d  s t r e n g th  in  
o th e r  system s, nam ely 10Dq f o r  (k i(amine) ^ ] (BF^) ^ complexes and 10Dq,^ 
fo r  jN i(am ine)^(C lO ^)g] com plexes.
G eneral O se rv a tio n s .
The occurrence o f 6 s1 complexes i s  alm ost e n t i r e ly  con fined  to  
^ - s u b s t i tu te d  amines and o f 4:1 complexes to  o - s u b s t i tu te d  am ines. Both 
s e t s  o f  complexes b reak  down on w ashing w ith  common so lv e n ts  to  g iv e  2:1 
com plexes. A study  of th e  therm ograv im otrio  behav iou r o f th e  6:1 
complexes showed smooth lo s s  o f amine to  g ive  2:1 com plexes, w ith  no ev id ­
ence fo r  th e  fo rm atio n  o f 4 s1 in te rm e d ia te s . The alm ost com plete absence 
o f £ -  and m- s u b s t i tu e n ts  in  th e  6 »T complexes may be because such sub­
s t i t u e n t s  s t e r i c a l l y  reduce th e  s t a b i l i t y  o f  th e  congested  arrangem ent o f 
s ix  co o rd in a ted  a n i l in e  m olecu les.
The r a th e r  s u rp r is in g  o b se rv a tio n  th a t  only  ^ - s u b s t i tu te d  amines 
formed 4 s1 complexes might be caused by such s u b s t i tu e n ts  s t e r i c a l l y  low­
e r in g  th e  r e l a t i v e  s t a b i l i t y  o f th e  2:1 com plexes.
2 , The Cyanate Complexes.
The cyanate  complexes were only  ob ta in ed  w ith  a n i l in e  and m-sub- 
s t i t u t e d  a n i l in e s  and were a l l  o f th e  type [N i( amine)^(NCO)^ No
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evidence f o r  th e  e x is te n c e  o f  2:1 or 6 s1 complexes was found* In f ra re d  
d a ta  in d ic a te  th a t  a l l  th e  amine m olecules a re  co o rd in a ted . F u r th e r  more, 
th e  oyanate in f r a r e d  fre q u e n c ie s  a re  in  th e  usual ra n g e ^ ^ ^ '^ ^ '^ ^ )  fo r  th e  
n-bonded an ion  (T a^le 4 *4 )•  Thus, s t r u c tu re s  o f th e  type  [N i(am ine)^
(ECO)g ]  a re  in d ica te d *  E le c tro n ic  s p e c tra l  d a ta  (Table 4 *5) suggest 
l i t t l e  o r no d i s to r t io n  from 0 ^^  symmetry.
3 . In f r a re d  A bsorp tions A ssocia ted  w ith  th e  Amino-Groups.
The in f r a r e d  fre q u e n c ie s  o f th e  NCX )X = 0 ,S ,S e) group have been 
g iven  and are  d isc u sse d  above. The in f ra re d  f re q u e n c ie s  a s s o c ia te d  w ith  
th e  am ino-groups o f  th e  a n i l in e s  a re  g iven  in  T able 4 . 8 . As re p o r te d
( 21 j 23) ppgviougiyp th e  v a lu es  f o r  th e  s t r e tc h in g   ^'  s c i s s o r
)) and CN s t r e tc h in g  freq u en c ie s  a re  a l l  low ered on coord in ­
a t io n ,  from th e  f r e e  amine v a lu e s .
In  th e  6:1 com plexes, th e  oyanate complexes and [if i(_ o -to lu id in e )^  
(NGS)^]» th e  two NH s t r e tc h in g  ab so rp tio n s  a re  accompanied by a number o f 
l e s s  in te n se  ab so rp tio n s  (F igu re  4 - 5 )•  I t  seems u n lik e ly  th a t  th e se  
a b so rp tio n s  a r i s e  from OH s t r e tc h in g  modes and i t  has been suggested  (page 
th a t  they  a re  p re se n t because o f hydrogen bonding between th e  anions 
and th e  hydrogen atoms o f th e  am ino-groups. F u r th e r  evidence o f hydrogen
bonding i s  found by comparing th e  in f r a r e d  s p e c tra  o f th e  6 s1 th io c y a n a te s  
o r se len o cy an a tes  w ith  th o se  o f th e  co rrespond ing  te t r a f lu o r o b o r a te s ,  where 
hydrogen bonding i s  b e lie v e d  to  be minim al. The s p e c tra  a re  e s s e n t i a l ly
th e  same except in  re g io n s  where NHg and anion  v ib r a t io n s  o ccu r. The 6:1 
complexes show OF s t r e tc h e s  in  th e  1275 cm  ^ re g io n  (Table 4 *8 ) which co u ld  
be a t t r ib u te d  to  f r e e  l ig a n d , bu t th e re  are  no M  s tr e tc h in g  fre q u e n c ie s  
p re se n t which cou ld  be a s so c ia te d  w ith  f re e  amine, except fo r
3 0 3-53 0
/ •(a) Nifm-^olujdin®) (mCS)2 2
(b) Ni fm- toluidir\e) (nCO)4  2
(c) N; (WCSej^
(d) N i ( o ° a n i s i d i  nel^CNCS)^
W Ni(Q=an(&*din<^ (NCS%4  £
(f) MS (a iiiiH n s)  (w C S )
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[iSfi (jg -o h lo ro an ilin e ) g^(NCS) 2 (j2,"0hi o ro a n ilin e
The 2:1 complexes e x h ih it  an in te n se  a b so rp tio n  in  th e  1050-
“ 11000 cm reg io n  which i s  ass ig n ed  to  th e  ML wagging mode. In  c o n tra s t  
th e  4"“1 and 6:1 complexes e x h ib it  more complex p a t te r n s ,  u s u a lly  c o n s is t in g  
o f two in te n s e  ab so rp tio n s  in  th e  1000 onr"* re g io n  (F igure  4 *6 ) .  In  
g e n e ra l,  th e  d i s t r i b u t io n  o f wagging freq .uencies may be used as t e n t ­
a t iv e  evidence f o r  th e  d i s t i n c t io n  between polym eric o c tah ed ra l and t r a n s -  
o c tah ed ra l s t r u c tu re s  f o r  th e  complexes d e sc rib e d  in  t h i s  work (see  S ec tio n  
V ), p ro v id in g  th a t  th e  1100-950  oo:  ^ reg io n  i s  f r e e  from anion  a b s o rp tio n s .
lO O O  CM1200
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A, THE PREPARATION OF THE COMPLEXES »
A ll th e  complexes d e sc rib e d  in  t h i s  s e c t io n  have been d esc rib e d  
p rev io u 8l y ( ^ ^ '^ 4 *^^ '^^) and a l l  th e  p re p a ra tiv e  methods used were s im ila r  
to  th o se  d esc rib e d  p re v io u s ly . For each compound, s a t i s f a c to r y  m etal 
an a ly ses  were ob ta in ed  to  confirm  th e  p u r i ty  o f th e  compounds.
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B. BBSULTS m )  DISCUSSION.
1 . In f r a re d  Measurements.
In f ra re d  a b so rp tio n s  a s s o c ia te d  w ith  th e  am ino-groups i n  th e  
complexes a re  g iven  in  T able 5 *1 *
The eq u ilib r iu m  conform ation  of th e  a n i l in e  m olecule i a  no t known 
w ith  c e r t a in ty .  Evans has shown^^^^ th a t  th e re  i s  co n s id e ra b le  in d i r e c t  
evidence which s tro n g ly  su g g es ts  th a t  a lthough  th e  lono p a i r  o f e le c tro n s  
on th e  n itro g e n  atom are  d e lo o a lis e d  to  some e x te n t ,  t h i s  d e lo c a l i s a t io n  
i s  no t as g re a t as to  produce a com plete ly  p la n a r  m olecule . B arvinok 
and co-w orkers have suggested^^^) th a t  th e  v a lu es  o f th e  fo rc e  c o n s ta n t , 
f ,  and th e  HUH a n g le ,6 , of th e  amino-group in  a n i l in e  a re  determ ined  by 
in te r a c t io n  between th e  u n p a ire d  e le c tro n s  o f th e  n itro g e n  atom and th e  
‘?T-bond system  o f th e  arom atic  r in g  acco rd ing  to  th e  fo llo w in g  schemes
re d u c tio n  o f e le c tro n  -------> low er f
d e n s ity  o f  th e  
n itro g e n  atom
W ithdrawal o f th e  u n p a ired  
e le c tro n s  o f th e  n itro g e n  
atom by th e  aroraatno r in g / in c r e a s e  f
( in c re a s e  &
fo rm ation  o f sp'“
hybrid  o r b i t a l s
on th e  n itro g e n  atom
For £ -  and ^ - s u b s t i tu te d  a n i l in e s ,  th e  p o s it io n s  o f th e  two NH s t r e tc h in g
fre q u e n c ie s  r i s e  to  h ig h e r e n e rg ie s  as th e  s u b s t i tu e n t  becomes more e le c t r o n -
a c c e p tin g . For m -su b s titu te d  a n i l in e s  th e  s h i f t  i s  le s s  marked.
(87 )B arvinok and co-w orkerd have f u r th e r  d iscu ssed  
fo rm ation  of a m e ta l-a n il in e  bond:
th e  e f f e c t  o f th e
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TiLBLE 5.1
im /iR B D  ABSORPTIONS ASSOCIATED WITH 
THE AÎOTO-GROUPS IN THE COÎÎPLEXES
Complex
NHg s t r e t c h  
-1antisym(om ) sym(cm ')
NHg d e f .  CN s t r e t c h  NH  ^ wag 
(cm“ ^) (om"^) (cm
C o (a n ilin e )2C l2 3271 3219 1577 1220 1101
C0(an ilin e )g B r2 3271 3219 1564 1217 1098
C o (a n ilin e )g ig 3271 3219 1559 1216 1089
C 0(o - to lu id in e )2^1 2 3289 3251 1580 1246 1079
C o (o -to lu id in e )g B fg 3283 3232 1572 1236 1076
C o (£ -to lu id in e )g Ig 3283 3226 1563 1231 1080
C 0 (m-t o lu i d in e ) gC1^ 3271 3226 1580 1258 1091,1073
0 0 (m-t ol u i d ine ) ^Br^ 3264 3205 1572 1259 1098
C o(m ~tolu id ine)gIg 3270 3208 1562 1256 1082
0 0 (m -ch loroan i1in e )2^^ 2 3271 3219 1583 1234,1218 1099,1084
G 0 (m -chlo r o a n i l in e ) gBr^ 3271 3219 1572 1232,1218 1097,1085
C o (m -ch lo ro an ilin e)g l_ 3271 3205 1562 1235,1218 1076
Co(3 , 4-x y lid in e )g G lg 3271 3219 1580 1251 1092
C 0 (3 , 4 -% ylid ine)^B r^ 3271 3225 1579 1251 1085
C 0 (3 , 4“k y lid in e )g ig 3271 3221 1570 1248 1077
N i(a n ilin e )g C lg 3324 3255 1575 1235 1037
N i( a n ilin e )^ B r2 3335 3273 1580 1236 1016,991
N i( a n i l in e )^ Ig 3342 3273 1572 1233 1010,989
N i(ra -to lu id in e )^ Ig 3348 3276 1553 1263 1008,987
Ni (p - to lu id in e )^ Ig 3355 3283 1569 1236 1014,1001
N i(m -c h lo ro a n ilin e )^ Ig 3317 3250 1559 1238 1011,992
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P ro d u c tio n  o f 
N-Metal bond
re d u c tio n  o f e le c tro n  
d e n s ity  on th e  
n itro g e n  atom
removal o f sp 
h y b r id is a t io n
low er f
’ i
/lo w e r  f
low er ©
Thus i t  i s  p re d ic te d  th a t  th e  two NH s tr e tc h in g  fre q u e n c ie s  and th e  NH 
deform ation  frequency  should  d ec rease  on c o o rd in a tio n . The ON s t r e t c h ­
in g  fre q u e n c ie s  should  a lso  d ec rease  on c o o rd in a tio n  because o f  th e  le s s e n ­
ing  o f th e  double bond c h a ra c te r  o f th e  o a rb o n -n itro g en  bond. Jungbauer
(21 )and C urran have s tu d ied ^  '  a number o f m etal h a l id e - a n i l in e  complexes 
in  v a r io u s  sym m etries (square  p la n a r ,  o c tah ed ra l and te t r a h e d r a l )  and have 
sho;-m th a t  j and a re  a l l  low ered on c o o rd in a tio n .
S tu d ie s  by Q uagliano and co -w orkers, o f some b id e n ta te  l ig a n d s  c o n ta in in g  
an ary lam ino-g roup , have in d ica ted ^^ ^^  a c o r r e la t io n  o f s h i f t s  i n  th e  h igh  
frequency  NH s t r e tc h in g  v ib r a t io n  (an tisym m etric) on c o o rd in a tio n , w ith  
th e  s tre n g th  o f th e  m e ta l-n itro g e n  bond.
The r e s u l t s  of th e  p re se n t work (Table 5 . I )  show th a t  th e  v a lu es  
o f th e  NH s t r e tc h in g  fre q u e n c ie s  a re  s tro n g ly  dependent on th e  ste reochem is­
t r y  o f th e  complex. In  g e n e ra l,  v a lu es  o f th e  CK s t r e tc h in g  v ib r a t io n  
and o f th e  NHg déform âtio n a l and wagging v ib r a t io n s ,  d ecrease  i n  th e  o rd e r 
Cl> B r > I .
I t  appears th a t  2:1 and 4*1 complexes may be d is t in g u is h e d  by th e  
v a lu es  o f  t h e i r  NH_. wagging fre q u e n c ie s , as was found i n  th e  n ic k e l th io — 
oyanate system  (see  S e c tio n  IV ).
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2 i E le c tro n ic  S p e c tra l M easurements.
(a) The C obalt H alide Complexes.
In  a s tudy  o f some c o b a lt  h a l id e -h e te ro c y c lic  amine com plexes,
L ever and N elson have s h o w n t h a t  th e  a b so rp tio n  band in  th e  v i s ib l e
re g io n  o f th e  e le c t ro n ic  spectrum , i s  s p l i t  in to  a  number o f components,
whose o v e ra ll w id th  i s  s im i la r  to  th a t  o f th e  co rrespond ing  band, in  th e
te t r a h e d r a l  [OoX^]^ io n s ,  and have concluded th a t  th e  band w id th  g iv es
no evidence o f any C^^ p e r tu rb a t io n .  They found t h a t ,  f o r  a  g iven  h a l id e ,
th e  a c tu a l p o s i t io n s  o f th e  bands were alm ost co n s ta n t and showed very-
l i t t l e  dependence on th e  amine p re s e n t .  The n e a r  in f r a re d  band i s  s p l i t
in to  th re e  components. For a g iven  h a l id e , th e  s p e c tra  a re  q u i te  s im ila r
except fo r  amines having s u b s t i tu e n ts  in  th e  2-  p o s i t io n .  The h ig h e s t
—1energy band in  th e  n e a r  in f r a r e d  re g io n  moves about 1000 cm lo w er, in  
th e  sp e c tra  o f  complexes c o n ta in in g  s t e r i o a l ly  h in d e red  am ines.
A number o f c o b a lt h a l id e - a n i l in e  complexes have been s tu d ie d  in  
th e  p re se n t work to  see i f  any bands are  amine s e n s i t iv e .  R e so lu tio n  o f
th e  bands has been improved by m easuring some o f  th e  s p e c tra  a t  l iq u id  
n it ro g e n  te m p era tu res  (Table 5' . 2) .
I t  i s  u n lik e ly  th a t  band w id ths a re  s ig n i f i c a n t  f o r  th e  a n i l in e  
com plexes, because s p e c tra  were o b ta in ed  u sing  th e  d if fu s e  r e f le c ta n c e  
te c h n iq u e , and th e y  w il l  no t be d iscu ssed  f u r th e r .  As re p o r te d  p re v io u s -
ly^'^^^ fo r  th e  p y r id in e  system , th e  bands lo c a te d  in  th e  v i s ib l e  re g io n  a re  
rem arkably c o n s ta n t f o r  a g iv en  h a l id e ,  and, u s u a lly  do no t change t h e i r  
p o s i t io n  on co o lin g  th e  complexes to  l iq u id  n itro g e n  te m p e ra tu re s .
In  g e n e ra l ,  th e  fre q u e n c ie s  o f th e  th re e  components o f  th e  n ea r 
in f r a r e d  band a re  h a l id e  s e n s i t i v e ,  but a re  amine in s e n s i t iv e .  The
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TABIE 5 .2
ELECTRONIC (DIFFUSE REFLECTANCE) SPECTRA 
OF THE COBALT HALIDE COIÎPLEXES
Complex max (ora
-1 X 10~3 )
C o(ra-oh lo roan iline) gCl^ 
CotmMtoluidinejgOlg 
C o(m -to lu i d in e )
0 o (o - t  o lu i d in e ) 
C o(ra-oh loroan iline)gB r^  
C o(pyrid ine)gB r^
C o (£ - t  o lu id in e ) g l^
C 0(m -to lu id in e )g ig  
C o (a n ilin e )g ig
ws 1 7 .0 ,1 6 .1 5 ,1 5 .7 5  
os 1 7 .0 ,1 6 ,3 ,1 5 .7 5ws 17 . 0 , 16 . 25 , 15.7 
os 1 7 .0 ,1 6 .3 ,1 5 .7 5
w s  16 . 6 , 15 . 9 , 15.1 
OS 16 . 6 , 15 . 9 , 15.1
MS 16 . 6 , 15 . 95 , 15.3
OS 16 . 6 , 16 . 0 , 15.3
MS 16 . 6 , 15 . 9 , 15.2
O S 16 . 6 , 15 . 95 , 15.1
MS 16 . 75 , 16 . 1 , 15.4  
O S  — — —
MS 15 . 95 , 15 . 3 , 14.3
OS 16 . 0 5 , 15 . 3 , 14.3
MS 16 . 0 , 15 . 25 , 14 .2
O S 16 . 0 , 15 . 25 , 14.15
M S 16 . 1 , 15 . 35 , 14.35
0 1 16.1,15.35,14.35
7 . 9 ( s h ) ,7 . 2 , 6 .2  
8 . 1 ( s h ) ,7 .2 , 6 .3
8 . l ( s h ) , 7 . 2 , 6 . 2 (gh)
8 . 3 ( s h ) ,7 . 2 , 6 .2
7 . 4 ( s h ) ,6 . 8 , 6 .0 (sh)
7 - 6 ( g h ) ,6 . 8 , 6 .0
8 . 2 ( s h ) , 6 . 8 , 6 .0
8 . 3 ( s h ) ,6 . 9 , 6 .0 5
7 . 4 ( s h ) ,6 . 75 , 6 . 0 (sh)
7 .6 ,6 .7 5 ,6 .0
9 .1 ,6 .8 5 ,6 .0 5
7 . 3 ( s h ) ,6 . 5 , 5 . 8 (sh)
7 . 5 . 6 . 5 .5 .87 . 3 ( s h ) ,6 . 55 , 5 . 8 (sh) 
7 . 4 ^6 . 6 , 5 . 8 (sh ) 
7 . 3 ( s h ) , 6 .5 ,5 .8 (sh)
7 .4 . 6 . 5 .5 .8
M ■» warm tem pera tu re  (295° K) 
sh -  sh o u ld e ré
0 •  co ld  tem p era tu re  (? 9*K)
too
TABLE
ELECTRONIC (DIFFUSE BEMCTANCE) SPECTRA 
OF THE) NICKEL HALIDE COMPLEXES
A
10“ ^)
J sComplex
; ®i_g
Ni ( a n i l in e )  _C1 .^ w: 23 ,3 20,0 13.7 11. 8 (sh) 7.90d. c. 08 23 ,5 20.0 14.0 11. 8 (sh) 8.1  (broacN i( a n i lin e )^ B rg Mg 24,0 14.4 9 .3 8.1
08 24.4 15.0 11.5 10.1 8 .3N i(a n i l in e )  I WS - 19.1 14.9 10,5 7 .64 ^ 08 - 19.6 15.5 13.9 11.3 10.7 7 .9Ni ( m-ohl o r o a n il in e  ) ^ I gW? -
O S -
19,3  14.9 
19 .9  17.4 15.1 11.1
10.0
10.5
8 . 0
8 .15Ni ( jg -to lu id in e ) .1 - M :  - 19.1 15.0 1 0 . 6 7 .7
O S - 19.5 15.2 13.8 1 1 . 2 10.9 7 .95N i(m -to lu id in e )^ Ig M :  - 19,1 15,0 10,5 7 .7cs25 ,0 19 .5 15,4 13.9 1 1 . 2 1 0 . 8 8 . 0(sh)
w * measured a t  room tem p era tu re  
c = measured a t  l i q u id  n itro g e n  tem pera tu re  
sh  w sh o u ld e r
A dash in d ic a te s  th a t  th e  hand i s  obscured by s tro n g  lig a n d  
a b so rp tio n .
1 0 1
o r th o -e f f e o t  observed^^^^ by Lever and Nelson (see  S ec tio n  l )  i s  no t app­
a re n t in  th e  a n i l in e  system , presum ably because ^ - s u b s t i tu e n ts  i n  a n i l in e s ,  
be ing  two carbon atoms away from th e  c o o rd in a tin g  n it ro g e n  atom, a re  le s s  
l i k e ly  to  s t e r i o a l l y  h in d e r c o o rd in a tio n  th an  s u b s t i tu e n ts  in  th e  2-  
p o s i t io n  o f p y r id in e , which a re  only  one carbon atom away from th e  r in g  
n itro g e n . On co o lin g  to  approxim ately  th e  h ig h e s t energy component,
in  th e  n e a r  in f r a r e d  re g io n , moves 100-200 cm  ^ to  h ig h e r e n e rg ie s , whereas 
th e  o th e r two components rem ain alm ost s ta t io n a ry (F ig u re  5 . 1) ,
(b) The N ickel H alide Complexes,
A few n ic k e l h a lid e  complexes have been s tu d ied  a t  bo th  room and 
l iq u id  n itro g e n  te m p era tu res  (Table 5 *3) .  R e so lu tio n  i s  improved cons­
id e ra b ly  on co o lin g  th e  com plexes, and in  some c a se s , new bands appea r, 
which a re  no t apparen t a t  room tem pera tu re  (see  p e rc h lo ra te  system , S ec tio n  
III).
The 2 si complex [N i( a n i l in e ) ^01^] has been s h o w n ^  to  have a 
polym eric o c tah ed ra l s t r u c tu re  w ith  b r id g in g  c h lo r id e s .  There a re  th re e  
sym m etrical bands, in d ic a t in g  t h a t ,  u n lik e  th e  co rrespond ing  p y rid in e  
complex, d i s t o r t i o n . i s  no t s u f f ic ie n t  to  cause s p l i t t i n g .  On c o o lin g , 
a l l  th re e  bands move to  h ig h e r  e n e rg ie s . The low est energy band (1*^  ) 
broadens co n s id e ra b ly  on co o lin g , su g g estin g  th e  p resence o f two components
 ► ^^2g ^^1g — ^ '^ g  ^4h The s p e c tra  a ls o  show
two weak a b so rp tio n s  which rem ain s ta t io n a ry  on co o lin g  and which a re  th e re ­
fo re  assigned  to  sp in -fo rb id d e n  t r a n s i t i o n s .  The spectrum  of 
[n i ( a n i l  in e  )^B rg] shows s p l i t t i n g  o f th e  band in to  two components.
A ll th e  main bands move i t o  h ig h e r  energy on c o o lin g . At th e  low er temp­
e r a tu r e ,  an a d d i t io n a l ,  weak band i s  apparent a t  11,500  om"^ which may be
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TABLE 5,4
SPECTRAL PARAMETERS OP THE ÎTIOKBL HALIDE COMPLEXES
Complex
10Dq.^(om'*^x 10Dq.^  (cm X
10"* )^
^ D t  Ds(cm”
/ -1 _ - 3 \(cm x10 )
'')D g
6 t
WARM COLD WARM COLD WARM COLD COLD COLD
N i(a n il in e )^ B r2 9 .3 10,1 6 .9 6 .5 1.1 1 .8  — -
N i(a n il in e ) 10 .5 10 .7 4 .7 5.1 2 .9 2 .8  333 0 .9 3
Ni (m ^ to lu ld in e)^ Ig 10,5 10 .8 4 .9 5 .2 2 .8 2 .8  - —
Ni (£ - to lu id in e ) 10,6 10 .9 4 .8 5 .0 2 .9 2 .9 5  303 1.11
N i(ra-chlo ro a n i l in e )^:Ig 10.0 10 .5 6 ,0 5 .8 2 .35 2 .9  — —
N i(m -toluidine)^^(C 10^ ) 2 l 1 ,45 11.75 5 .05 5 .0 5 3 ,2 3 .2  316 1.13
3 1 1assigned  to  th e  sp in -fo rb id d e n  t r a n s i t i o n  ‘ B. — A. , B. in  D., symmet--1g 1g 4L
r y .  The s p e c tra  o f th e  io d id e  complexes a re  ty p ic a l  o f te tr a g o n a l 
n i c k e l ( l l ) ,  having  a s p l i t  band. The second component o f (^B .^  — >
^Agg in  D^^ symmetry) becomes apparen t on co o lin g  (F igure  $ .2) .  The
ab so rp tio n  band in  th e  20000-19000 reg io n  i s  in  a p o s i t io n  expected  f o r  a 
sp in -fo rb id d e n  band, a lthough  i t s  in t e n s i ty  su g g es ts  th a t  i t  r e p re s e n ts  a 
sp in -a llo w ed  t r a n s i t i o n .  T h is  band moves to  c o n s id e ra b ly  h ig h e r  e n e rg ie s  
on co o lin g  but as bo th  sp in -a llo w ed  and sp in -fo rb id d e n  bands a t  t h i s  energy 
a re  expected  to  move to  h ig h e r  e n e rg ie s  on c o o lin g , (see  Energy Level 
diagram , pageS ) th e  movement o f th e  bands may n o t be used to  d is t in g u is h  
between th e  two ty p e s .  The in t e n s i ty  o f th e  band in d ic a te s  th a t  i t  
p robab ly  r e p re s e n ts  th e  t r a n s i t i o n  ^B^^ — > ^4h symmetry.
The a b so rp tio n  band a s s o c ia te d  w ith  th e  ^B^^ — > ^ ^ ( p )  t r e in s i t io n  th u s  
l i e s  a t  h ig h e r e n e rg ie s  and i s  masked by lig a n d  a b so rp tio n s .
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For th e  4 s1 complexes th s ro  i s  a d ec rease  in  a x ia l l ig a n d  f i e l d  
s tre n g th  (lODq^) as th e  p la n a r  l ig a n d  f i e l d  s t r e n g th  ( 10D q ^ ) , a s s o c ia te d  
w ith  th e  amine lig a n d s  in c re a s e s  (Tahle 5 *4 )» In  a l l  o ases , lODg.^ 
in c re a s e s  on co o lin g  th e  com plexes. The in c re a se  in  10Dq.^  i s  u s u a lly  much 
l e s s  and a decrease  even occurs in  some o ases . T h is  s h i f t  o f lODq. and
10Dq^ i s  found w ith  o th e r  te tra g o n a l complexes d e sc rib e d  in  th e  p re se n t
work (see S ec tio n  I I I )  and has been f o u n d w i t h  th e  n ic k e l h a l id e -  
p y rid in e  system  by Goodgame and co-w orkers.
V alues o f  Da and Ds/Dt a re  sim ilar^^^^  to  p rev ious  re p o rte d  values*
SECTION VI
FAR INFRARED SPECTRA
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A, INTRODUCTION.
Since th e  advent o f  com m ercially a v a i la b le  spec tropho tom eters  
capable o f m easuring down to  30 cm"* ,^ co n s id e ra b le  d a ta  on v ib r a t io n a l  
sp e c tra  o f heavy-mass system s have been accum ulated, A number o f  w orkers 
have s tu d ie d  th e  f a r  in f r a r e d  s p e c tra  o f m etal complexes in  o rd e r to  
id e n t i f y  s k e le ta l  v ib r a t io n s  o f  th e  com plexes, e s p e c ia l ly  m e ta l-h a lid e  
s t r e tc h in g  f r e q u e n c i e s . B e c a u s e  th e  m a jo rity  o f th e se  s tu d ie s  
have been c a r r ie d  out only down to  200 cm , f a r  more d a ta  a re  a v a i la b le  
on m e ta l-c h lo r in e  th a n  on m etal-brom ine v ib r a t io n s ,  which u s u a lly  occur 
below 200 cm \  In fo rm atio n  on m e ta l- io d in e  (u s u a lly  l e s s  th a n  200 om"" )^ 
v ib r a t io n s  i s  r a th e r  l im i te d .  A bsorp tions a s s o c ia te d  w ith  m e ta l-ha logen  
v ib r a t io n s  have been id e n t i f i e d  by comparing th e  s p e c tra  o f  c h lo r id e , 
bromide and io d id e  complexes o f  s im i la r  s t r u c tu r e .  Moving down such a 
s e r ie s  th e  m etal—halogen bands would be found a t  su c c e ss iv e ly  low er freq u ­
en c ie s  w hereas th e  bands a s s o c ia te d  w ith  th e  amine would be i n  s im i la r  
p o s i t io n s .  The r a t i o s  2^(m_Bp)/3|m-C1 )
in  th e  re g io n  0 .7 7  and 0 .6 5  r e s p e c t iv e ly .  Jungbauer and Curran^^^^ and 
Sharp and oo-w orkers^^^*^^) re p o rte d  a number o f  m e ta l-h a lid e  v ib r a t io ­
n a l freq u en c ie s  f o r  some f i r s t  row t r a n s i t i o n  m e ta l-h a l id e -a n i l in e  complexes 
and th e se  v a lu e s ,  f o r  th e  n ic k e l complexes a re  i n  th e  ranges
 ^ (M-Br) > ^ M - l )  ^  200 cm \  In  a sy s tem a tic  study
o f  some m e ta l-h a lid e —p y rid in e  complexes C la rk  and W illiam s have reported^^^^  
some m e ta l-h a lid e  s t r e tc h in g  f re q u e n c ie s , and f o r  n ic k e l th e  v a lu e s  a re  in  
th e  ran g es  327-246  o m " ', »^M-3 r ) ^ ^ 3- (< 200) om"’ , i^ ( jj_ jj231- (< 200) om“ ’ .
In fo rm atio n  on m e ta l-n itro g e n  v ib r a t io n s  i s  r a th e r  l im i te d .  The 
in f r a r e d  s p e c tra  o f  th e  c a t io n s  [Co(N H ^)^]^ and [oo (N D ^)^]^  show a t r i a d
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of bands in  th e  500-419  cm'"  ^ re g io n  which have been ass ig n ed ^ ^ '^  a m etal—
- 1n itro g e n  s tr e tc h in g  mode. A bsorp tion  bands in  th e  re g io n  300-400  cm 
in  th e  s p e c tra  o f a number of m etal h a l id e - a n i l in e  complexes have been 
a s s i g n e d ^ t o  m e ta l-n itro g e n  s t r e tc h in g  modes by Sharp and co -w orkers .
(14)However, in  a subsequent p u b lic a tio n  in  which th e se  workers d e sc r ib e  
some m etal h a l id e - s u b s t i tu te d  a n i l in e  complexes, bands were re p o r te d  in  
th e  re g io n  424-320  cm~^, b u t no assignm ents o f th e  bands to  m e ta l-n itro g e n  
v ib r a t io n s  were made. In  t h e i r  study  o f m etal h a l id e -p y r id in e  complexes 
C la rk  and W illiam s have assigned^^^^ peaks in  th e  200-287  cm  ^ re g io n  to  
m e ta l-p y rid in e  s t r e tc h in g  v ib r a t io n s .  These w orkers have a lso  s tu d ie d  
some c o b a l t ,  n ic k e l and z in c  h a l id e -p - to lu id in e  complexes and have suggested  
th a t  m e ta l-p - to lu id in e  s t r e tc h in g  freq u en c ie s  fo r  th e se  complexes l i e  
below 200 cm ^ . Thus m e ta l-n itro g e n  v ib r a t io n s  appear to  be s tro n g ly  
dependent on th e  lig a n d  to  which th e  n itro g e n  i s  a tta c h e d , and C la rk  has
( 2 2 )in d ic a te d ' '  t h a t  t h e i r  fre q u e n c ie s  f a l l  o f f  in  th e  o rd er metal-ammonia 
(42O-5OO cm m e ta l-h y d raz in e  (306-440  cm m e ta l-g ly c in e  ( 275-
423 cm m e ta l-p y rid in e  (c a . 200-287  cm m e ta l-£ - to lu id in e
(<200 cm metal-<»^#^-dipyridyl (<200 cm and m e ta l-£ -p h en an th -
th r o l in e  (<200 cm
I t  appears th a t  group th e o ry  may be ap p lie d  to  th e se  low frequency
( 2 2 )v ib ra t io n s  and d i f f e r e n t  s te reo ch em ica l isom ers have been d is t in g u is h e d ' '  
by t h e i r  f a r  in f r a r e d  p a t te rn s  (F igu re  6 .1 ) .  The c o r r e la t io n  o f normal 
modes fo r  th e  v a r io u s  sym m etries encountered  w ith in  t h i s  s e c tio n  a re  g iv - ^ n  
i n  Table 6 , 1 . I f  th e  s p e c tra  o f th e  complexes a re  measured in  th e  s o l id  
s ta ^  ( e .g .  as m ulls o r as  p ressed  d is c s ) ,  i t  i s  p o s s ib le  th a t  am b ig u itie s  
may a r is e  in  some case s  because o f p o s s ib le  s p l i t t i n g  o f d egenera te  bands by 
s o l id  s t a t e  in te r a c t io n s .  C la rk  and W illiam s showed^^^^ th a t  th e  f a r
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TABLB 6,1
COÎffiELAa?ION OP N O m L  MODES FOR 0, , D„ , D_ , T , and C ^ ., ----------------------------- ------------------------- h r — — d  2v (a)
-(Tj)-
°h ------> °4h - -» ^2h
(s) Ag(R) ! A ^ (I ,e J
(s) E^(R) A,g(R) + Ag(R) 4 Ag(R) ; A ^(I ,R ,) + Ag(R)
(s ) B j l )  j + + ; A^(I,H) + B^(X,E) +
i Bgfl.E)
(b) V ^ >  + E ^ (I )  I V D + V " ) + ^ 3 ^ : ) | a^( i ,r)+ B ( I ,E )  + Bgfl.R)
(D) FggCH) B2g(H) + V R ) i B,g(R) I A^(I,R) + 
•
B / I , E )
 ^ Bg(l,R)
0>) ^ 2 J - ) + i ; Ag(R) + B. ( , E )  +  B ^ ( 1 , 3 )
~ ^ ° 2v
(a) Ay(E) A ,(I ,R )
(B) B(E) A ^(I,E ) + Ag(E)
(a) F g fl 'B ) A ^(I,E ) + B^(I,H ) + B g (l,E )
(B) F g fl 'R ) A ,( I ,E )  + B ^(I,E ) + B g(l,R )
(a ) from re fe re n c e  90; s = s tr e tc h in g  mode; b = bending mode;
I  = in f ra re d  a c t iv e ; R = Raman a c t iv e ;  -  = in a c t iv e .
in f r a r e d  s p e o tra  (250-455 ûm o f a  number o f p y r id in e  complexeSf measured 
b o th  in  s o lu t io n  and as n u jo l m ulls» were e s s e n t i a l ly  th e  same bu t th a t  
th e  fre q u e n c ie s  o b ta in ed  i n  s o lu t io n  were o f th e  o rd e r o f 10 cm  ^ h ig h e r  
th a n  th o se  o b ta in ed  from mull s p e c tra .
For complexes w ith  polyatom ic» n o n - l in e a r  l ig a n d s ,  i t  i s  p o s s ib le  
to  have to r s io n a l  and defo rm atio n a l modes o f v ib r a t io n ,  in  a d d i t io n  to  
normal modes o f s k e le ta l  s t r e tc h in g  and bending . In  th e  case  o f h e te ro ­
c y c l ic  am ines, th e  f re q u e n c ie s  a s so c ia te d  w ith  th e  to r s io n a l  modes a re  l ik e ly  
to  be very  low because c o n s id e ra b le  deform ation  o f th e  arom atic  r in g  i s
n ece ssa ry  f o r  to r s io n a l  movement. The f a r  in f r a r e d  sp e c tra  o f^ th e  m e ta l-
( 22)h a l id e -p y r id in e  complexes r e p o r te d ' * by C la rk  and W illiam s a re  rem arkably
"c lean "  i n  t h a t ,  i n  g e n e ra l,  th e  only a b so rp tio n  which i s  no t a ss ig n ed  to
—1normal m e ta l- lig a n d  v ib r a t io n s  i s  a s in g le  band in  th e  range 410-480  cm , 
which i s  a  w e l l - c h a r a c t e r i s e d o u t - o f - p l a n e  r in g  defo rm ation . For 
p rim ary  arom atic  amines however, to r s io n a l  v ib r a t io n s  o f th e  WHg-group 
may occur i n  th e  re g io n  o f m e ta l- l ig a n d  s t r e tc h in g  v ib r a t io n s .  Evans has 
a s s i g n e d a  band a t  490 cm  ^ i n  th e  spectrum  o f l i q u id  a n i l in e  to  th e  
f i r s t  overtone o f an to r s io n a l  mode and a band a t  390 cm  ^ t o  a  deform­
a t io n  v ib r a t io n  s e n s i t iv e  to  s u b s t i tu t io n  on th e  n itro g e n  atom. Absorp­
t i o n  bands in  th e  200-300  cm  ^ re g io n  fo r  some m e ta l-h a l id e -a n i l in e  complexes 
( l 3 14^were a s s ig n e d ' *  ^ by Sharp and co-w orkers to  e s s e n t i a l ly  lig a n d  v ib r a t ­
io n s  which a re  e i th e r  a c t iv a te d  by co o rd in a tio n  o r a re  r a d ic a l ly  low ered 
in  frequency  by c o o rd in a tio n . These w orkers t e n ta t i v e ly  suggested  th a t  
th e  C-W s t r e tc h in g  frequency  o f th e  a n i l in e  could  be in c lu d ed  in  th e  l a t t e r  
c a se , bu t i t  i s  now known^^^) t h a t  va lu es  o f a re  low ered by l e s s  th a n  
100 cm  ^ on c o o rd in a tio n .
Wo attem pt has been made to  a ss ig n  bending f re q u e n c ie s  in  th e  
pres.ent work.
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B. ESSUIÆS mS) DISGUSSIOW,
The f a r  in f r a r e d  s p e c tra  o f  th e  complexes w i l l  he d isc u sse d  
accord ing  to  th e  symmetry group to  which th e  complexes approxim ate.
1 . Complexes o f Approximate Symmetry 0^ .
The complexes which have been sho\m to  po ssess  approx im ate ly  0^
symmetry in  th e  s u b s t i tu te d  a n i l in e  system  a re  th e  te t r a f lu o r o b o r a te
com plexes, th e  complex (w i(m - to lu id in e ) (O lO ^ )g and p o ss ib ly  th e  6:1
th io c y a n a te  and se len o cy an a te  com plexes.
Only one in f r a r e d  a c t iv e  s tr e tc h in g  frequency  i s  expected  fo r
re g u la r  o c ta h e d ra l m olecules (T able 6 . l ) ,  namely th a t  a s s o c ia te d  w ith  th e
t r i p l y  deg en era te  mode. A ll th e  n ic k e l- s u b s t i tu te d  a n i l in e  complexes
—1s tu d ie d  in  t h i s  work show an in te n s e  a b so rp tio n  in  th e  200 cm re g io n  
which i s  ass ig n ed  to  a m e ta l-a n il in e  s t r e tc h in g  v ib r a t io n .  In  many 
o a se s , th e  band i s  s p l i t  in to  two components (T able 6 . 2 ) .
In  a d d itio n  to  th e  s tro n g  band a t  200 cm \  th e  te t r a f lu o r o b o r a te  complexes
— ishow a  number o f bands in  th e  300-400  cm re g io n  (F ig u re  6 . 2) .  Most 
o f  th e se  bands a re  p re se n t in  o th e r  complexes w ith  th e  same l ig a n d s ,  but 
o f d i f f e r e n t  s to ich iom etry^  th e y  a re  th e re fo re  a ss ig n ed  to  IJHg to r s io n a l  
modes or o th e r  in te r n a l  modes o f  th e  amine m olecule which have become low­
e red  o r made in f r a r e d  a c t iv e  on c o o rd in a tio n . The s p e c tra  o f th e  two 
h ex ak is-m -to lu id in e  complexes a re  e s s e n t i a l ly  th e  same b u t s l ig h t  d i f f e r ­
ences do occu r, which a re  most p robab ly  a s s o c ia te d  w ith  s o l id  s t a t e  e f f e c t s .  
The 6:1 th io c y a n a te  and se len o cy an a te  complexes show a number o f  f a i r l y  
s tro n g  bands in  th e  260-400  ora  ^ re g io n  (F igure  6 . 3 )# Some o f  th e se  
bqnds are  to  be found in  th e  re g io n  fo r  m e ta l- th io c y a n a te  { V / . ,  «nox) s t r e t -  
oh ing f r e q u e n c i e s . M o s t  o f th e  bands, however, may be id e n t i f i e d
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i n  o th e r  complexes w ith  th e  same ùminoG hut w ith  d i f f e r e n t  a n io n s , th u s  
f a r  in f r a re d  d a ta  fo r  th e se  complexes a re  r a th e r  in c o n c lu s iv e . The 
la c k  of 4:1 and 6:1 complexes w ith  th e  same s u b s t i tu te d  a n i l in e s  f u r th e r  
com plica tes  th e  assignm ent o f hands. I t  would he very  advantageous i f  
th e  sp e c tra  o f th e  two compounds [ k i ( p y r i d i n e ) (îTOS)^ and [ST i(pyridine)^ 
(NGS)g]2p y rid in e  could  he o b ta in ed . U n fo rtu n a te ly  th e  hexakis-com plex
has no t y e t been i s o la te d .
2 . Complexes o f Approximate Symmetry
Complexes o f lo c a l  symmetry a re  of th e  ty p e  t r a n s -  
(L = s u b s t i tu te d  a n i l in e s ,  X = FCO, ¥0 5 , ¥CSe, 010^ ) .  To e f f e c t  comp­
a r is o n s ,  a number o f p y rid in e  somplexes and h a l id e  complexes have a lso  
been s tu d ie d . Two in f r a r e d  a c t iv e  s tr e tc h in g  v ib r a t io n s  a re  expected  
fo r  th e se  complexes (Table 6 . 1) .  A ll th e  s u b s t i tu te d  a n i l in e  complexes 
show a s tro n g  bands in  th e  200 cm  ^ re g io n  which i s  no t p re se n t in  th e  
co rrespond ing  p y rid in e  complexes ( th i s  band i s  about 30 cm”  ^ h ig h e r  i n  
th e  p y rid in e  com plexes)(Table 6 . 3 ) .  These bands a re  th e re fo re  a ss ig n ed
to  th e  n ick e l-am in e  s t r e tc h in g  v ib r a t io n  (E ^ ). The bands appear as 
d o u b le ts  in  se v e ra l o f th e  s p e c tra  presum ably because o f th e  l i f t i n g  o f 
th e  degeneracy o f  th e  mode by s o l id  s ta t e  e f f e c t s .
A ll th e  cyanate complexes e x h ib it  a s tro n g , broad band i n  th e
•“1325 cm reg io n  which i s  no t p re se n t in  th e  o th e r  4:1  complexes (Table 6 .3  
Figure  6 .4 ) .  M eta l-cyanate  s t r e tc h in g  freq u en c ie s  ' a re  re p o r -
te d ^ ^ ^  to  be in  t h i s  re g io n  and acco rd in g ly  th e se  bands a re  ass ig n ed  to  
t h i s  mode (Ag^).
C la rk  and W illiam s have assigned^^^^ a s tro n g  band a t  285 cm*"** 
in  th e  spectrum  o f  [W i(p y rid in e)^ (¥ 0 8 )2 ] to  th e  n ickel-¥C S s t r e tc h in g
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-1v ib r a t io n .  Bands in  th e  269-292  ora re g io n  in  th e  s p e c tra  o f th e  
a n i l in e  complexes have been a ss ig n ed  in  th e  p re se n t work to  th e  
v ib r a t io n  (Table 6 . 3 ) .  The presence o f a nickel-HCS v ib r a t io n  fo r  the  
complexes H i(£ -a n is id in e )^ (N 0S)2  and. M ( o-phenetld lne)^(E G 8 )^  (F ig u re  6 . 5 ) 
confirm s th e  su g g es tio n  made in  S ec tio n  IV th a t  th e se  complexes a re  o f  th e  
type  ^iL^(llf08 ) g ] ;  r a th e r  th a n  having  uncoord ina ted  an ion , as i s  found w ith  
th e  co rrespond ing  p e rc h lo ra te  and te t r a f lu o ro b o ra te  com plexes. The 
spectrum  o f th e  complex 'j^ i(pyrid ine)^(N C Se) been measured (Table 6 .3
F igu re  6 , 6 ) and on com parison w ith  th e  co rrespond ing  th io c y a n a te  complex, 
th e  rae ta l-an io n  s t r e tc h in g  frequency  i s  low ered in  th e  se lenocyanate  
complex by 11 cm \  presum ably because o f th e  g r e a te r  mass o f th e  selenium  
a t orné U n fo rtu n a te ly , only one 4 s1 se lenocyanate  complex has been prep­
ared  w ith  th e  s u b s t i tu te d  a n i l in e  system . The v a lu e  o f  th e  band a ss ig n ed  
to  th e  niokel-NOSe s t r e tc h in g  v ib r a t io n  in  [Ni ( 2 , 5- 3Q rlid ine) ^ (l î^OSe) g] i s  very  
c lo se  to  th e  v a lu e  o f jjcs) co rrespond ing  th io c y a n a te  complex
(Table 6 . 3 ) .
A ll th e  s p e c tra  o f th e  4 s1 p e rc h lo ra te  complexes show a s tro n g  
double band a t  approx im ately  200-220  cm  ^ (F ig u re ( 6 . 4 ) .  The complexes
[iTi (pyrid ine)^(C IO ^) 2 ]  and [Fi (p y r id in e ) ^(BF^) ^  ] have s im ila r  double peaks 
a t  approxim ately  250 cm  ^ (F ig u re  6 , ? ) .  These bands a re  a s s i ^ e d  to  th e  
m etal-am ine s t r e tc h in g  v ib r a t io n  (E ^). The s p e c tra  o f th e  two p y rid in e  
complexes a re  alm ost id e n t ic a l  and i t  was not p o s s ib le  to  a s s ig n  any abso r­
p tio n  bands in  th e s e ,  or in  th e  a n i l in e  com plexes, to  m etal an ion  s t r e t c h ­
in g  v ib r a t io n s .  M etal-oxyanion s tr e tc h in g  fre q u e n c ie s  a re  re p o r te d  
to  be in  th e  200-300  cm  ^ re g io n . Sharp and co-w orkers have assigned^^^^ 
bands in  th e  281-263  ora  ^ re g io n  o f th e  s p e c tra  o f some n ic k e l s u lp h a te -  
a n i l in e  complexes to  ) and, f o r  some n i t r a t e  com plexes, in  th e
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278-254 cm"^ re g io n  to  y  These w orkers have "been unable t o
id e n t i f y  handsj f o r  some p e rc h lo ra te  complexes# which could  he ass ig n ed
^(M-OCIO^).
A few 4 s1 n ic k e l h a lid e  (m ostly  io d id e ) complexes have a lso  been 
s tu d ie d , p r im a r ily  to  f a c i l i t a t e  th e  i d e n t i f i c a t i o n  o f  co o rd in a ted  an ions 
in  o th e r  4 si com plexes, a lthough  in  any case  d a ta  on m e ta l- io d id e  s t r e t c h ­
in g  v ib ra t io n s  i n  t h i s  ty p e  of system  a re  not as numerous as fo r  m e ta l-  
c h lo r in e  o r m etal-brom ine s t r e tc h in g  v ib ra tio n s*
The s p e c tra  of | F i ( m - t o l u i d i n e ) and ^ i (m -to lu id in e ï^ Ig ]  
(F igure  6 , 8 ) show two s tro n g  bands in  th e  250-370  cm ^ re g io n , which a re  
p re se n t in  th e  co rrespond ing  p e rc h lo ra te  complex and are  ass ig n ed  to  a
lig a n d  to r s io n a l  o r defo rm ationa l mode. The s tro n g  band a t  approx im ately  
-1200 cm 5 p re se n t in  th e  co rrespond ing  p e rc h lo ra te  and cyanate com plexes, 
i s  a ss ig n ed  to  th e  n ic k e l - a n i l in e  s t r e tc h in g  v ib r a t io n .  The band a t 
180 cm  ^ f o r  th e  bromide complex i s  no t p re se n t in  th e  io d id e , p e rc h lo ra te  
or cyanate com plexes, and i t  i s  th e re fo re  a ss ig n ed  to  th e  n icke l-b rom ine
—Is tr e tc h in g  v ib r a t io n .  The peak a t  144 cm , unique to  th e  io d id e  complex, 
i s  ass ig n ed  "ko . A bsorp tions in  th e  o th e r  complexes which have been
assigned  to  m eta l-ha logen  modes a re  g iven in  T ab le 6 . 3 «
3. Complexes o f Approximate Symmetry
Complexes which a re  assumed to  have approx im ate ly  symmetry 
a re  o f  th e  type  |$Ti (amine) (^MCX) ^ ]  (X = S, So) w ith  b r id g in g  FOX groups in  
t r a n s - p o s i t io n s , and o f th e  ty p e  [n i (amine) ^ Xg% ( -  h a lid e )  w ith  b r id g in g  
h a lid e  io n s . Three in f r a r e d  a c t iv e  s tr e tc h in g  v ib ra t io n s  a re  expected  
f o r  th e se  complexes (Table 6 . 1) .
For th e  compound [F i ( pyr i d i ne ) ^ ( FO8 ) Clark  and W illiam s have
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Ta s s i g n e d ^ s t r o n g  peaks a t  229 om  ^ and 280 cm'^  ^ to  ) and
NCS) z^spG o tive ly . In  th e  s e r ie s  s tu d ie d  hy th e se  w orkers, no
evidence f o r  th e  t h i r d  hand was found ahove 200 cm  ^ except fo r  th e  complex
[c u (p y r id in e )2 (noS) gl s which showed th re e  hands a t  319 om \  268 cm  ^ and
214 om” ^. The 319 and 268 cm  ^ hands were a ss ig n ed  to
and a -p y r id in e ) z ^ s p e c tiv e ly .  These v a lu es  a re  much h ig h e r  th a n  th o se
fo r  th e  o th e r  complexes having polym eric o c ta h e d ra l s t r u c tu re s  and C la rk
a t t r i b u t e s  t h i s  to  th e  d i s to r t e d ,  polym eric o c tah ed ra l s t r u c tu re  o f  th e
copper complex» These two hands a re  approx im ately  in  th e  same p o s i t io n s
in  th e  4?1 complex, t r a n s - /Cu(p y r id in e )^(ITCS) ^ 1 ° The 4:1  complex lo s e s
p y rid in e  on s ta n d in g  in  a i r ,  and t h i s  lo s s  i s  accompanied hy th e  appearance
“ 1o f  a s tro n g  hand a t  214 cm , which i s  th e  t h i r d  hand in  th e  spectrum  o f th e
2 s1 complex. C la rk  su g g ests  th a t  t h i s  hand may he a s so c ia te d  w ith  a
Ou-SCl^ s t r e tc h in g  v ib r a t io n .  In  g e n e ra l, th e  2:1 a n i l in e -n ic k e l  t h i o -
oyanate complexes show th re e  s tro n g  hands (Table 6 .4 ) in  th e  150-300  cm” '*
—1re g io n . The hand a t  approx im ate ly  280 cm i s  p re s e n t in  th e  co rrespond­
in g  p y rid in e  com plexes, (F igu re  6 , 6) hu t i s  ab sen t in  th e  spectrum  of th e  
complex [îüTi(a n il in e )^ C l21 which c o n ta in s  h rdg ing  c h lo r id e  io n s .  T h is
hand i s  th e re fo re  a ss ig n ed  to  th e  n ic k e l- th io c y a n a te  ("3/^^^ KCS)^ s tr e tc h in g
—1v ib r a t io n .  The hand in  th e  200 cm re g io n , which i s  p re se n t in  a l l
s u b s t i tu te d  a n i l in e  complexes s tu d ie d  in  t h i s  work, hu t absen t in  p y rid in e
com plexes, i s  a ss ig n ed  to  th e  n io k e l- a n i l in e  s t r e tc h in g  v ib r a t io n .  The
—1t h i r d  hand, in  th e  15O-I8O cm re g io n , i s  common to  a l l  b rid g ed  th io c y a n a te
complexes s tu d ie d  h ere  ( in c lu d in g  th e  complex (B i(p y r id in e )g(ITO8)^) hut
i s  absen t in  4:1 th io c y a n a te  complexes and complexes c o n ta in in g  b r id g in g
c h lo r id e s .  I t  i s  th e re fo re  ass ig n ed  to  th e  Ïüfi-SCN s t r e tc h in g  v ib r a t io n ,
-1and i t  presum ably co rresponds to  th e  hand a t  214 om found by C la rk  fo r
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[c  U ( py r  i  d in e  ) ^  (îTC S ) •
When th e  s p e c tra  o f th e  2«1 th io p y a n a te s  and th e  2 si gelenocyan- 
a t e s j  o f which (an ilin e )^ (N C S )^ ! and [iT i(aniline)^(U C Sa)g"i a re  ty p ic a l  
exam ples, a re  compared (F igure  6 . 9) ,  i t  can he seen  th a t  the  hands ass igned  
to  and th e  th io cy an a te  s e r i e s ,  move to  low er en er­
g ie s  in  th e  se len o cy an a te  com plexes, presumably because o f  th e  h e a v ie r  
mass o f th e  selen ium  atom. Thus th e  hands in  th e  243-254  cm  ^ and 134-  
140 cm ^ re g io n s  f o r  th e  2 s 1 se len o c y an a te s , a re  ass igned  to  
and r e s p e c t iv e ly .  The hand in  th e  200 cm  ^ re g io n  i s  a ss ig n ed
to  th e  n io k e l- a n i l in e  s t r e tc h in g  v ib r a t io n .  The s tro n g  peak a t  approx- 
im a te ly  193 cm i s  only  p re se n t in  th e  2 s1 se len o cy an a te  com plexes. 
Potassium  se len o cy an a te  does no t absorb in  t h i s  re g io n  so i t  i s  u n lik e ly  
th a t  t h i s  a b so rp tio n  a r i s e s  from an in te r n a l  mode o f th e  FC8e group.
I f  th e  selenium  atoms were o i s - , th e  complexes would approxim ate to  
symmetr^»- and f iv e  in f ra re d  a c t iv e  s tr e tc h in g  v ib r a t io n s  would be expected  
(Table 6 . 1) .  However, c i s - s tru p tu re s  a re  h ig h ly  u n lik e ly  from th e  e v i­
dence in  S ec tio n  IV. The th i r d ,  and most l i k e ly  ex p la n a tio n  i s  th a t  
th e  v ib r a t io n  i s  a s so c ia te d  w ith  a Raman a c tiv e  mode which has become 
in f r a r e d  a c t iv e  because o f s i t e  symmetry e f f e c t s .  T h is  behav iour has 
been observed f o r  complexes c o n ta in in g  p e rc h lo ra te  and te t r a f lu o ro b o ra te  
io n s  in  T^ symmetry, f o r  which th e  0^ band o f th e  an ions i s  o f te n  observed 
in  t h e i r  in f r a r e d  s p e c tra .
The spectrum  of [iT i(aniline)gClg"} (F igure  6 .9 ) shows two bands a t  
—1 —1243 cm and 236 om which a re  not p re se n t in  o th e r  2:1 b rid g ed  complexes 
and they  a re  th e re fo re  ass ig n ed  to  the  two n ic k e l- c h lo r in e  v ib r a t io n s .
The s tro n g  band a t  212 cm ^ , common to  a l l  n io k e l- a n i l in e  complexes s tu d ie d  
i s  a ss ig n ed  to  th e  n io k e l- a n i l in e  s t r e tc h in g  v ib r a t io n .
mI
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4 . Complexes of Approximate Symmetry
The complexes approxim ating  to  t h i s  symmetiy a re  th e  d is to r t e d  
te t r a h e d r a l  c o b a lt complexes o f th e  typetCoI'2^2^^^ “ s u b s t i tu te d  a n i l in e ,
X = halogen)* From Table 6 . 1 , fo u r  in f ra re d  a c t iv e  s tr e tc h in g  v ib r a t io n s
a re  expec ted ; two a re  a s s o c ia te d  w ith  m etal-am ine v ib ra t io n s  and two w ith
(22)m eta l-ha logen  v ib ra tio n s *  C la rk  alid W illiam s have s tu d ie d ' '  th e
complexes [o0 ( ^ - to lu id in e ) ^Xg] (X « C l ,B r ,l )  down to  200 cm ^ , Only 
c o b a lt-h a lo g en  s t r e tc h in g  fre q u e n c ie s  were re p o r te d  and th e  v a lu e s  were 
324 cm  ^ and 295 om \  248 om \  and 217 om  ^ f o r  ^O o-B r)
2/|oo r e s p e c t iv e ly .  I t  was suggested  th a t  th e  appearance o f  only  one 
band i n  some c a s e s , was because th e  second band was e i th e r  to o  weak to  
observe, o r  th a t  i t s  v a lu e  was below 200 cm ^ . Wo O o -^ o lu id in e  s t r e t c h ­
in g  v ib ra t io n s  were re p o r te d , and i t  was suggested  th a t  th e se  v ib r a t io n s  
occurred  below 200 om""\
A number o f c o b a lt h a l id e - s u b s t i tu te d  a n i l in e  complexes have 
been s tu d ie d  in  th e  p re se n t work, in  an a ttem pt to  lo c a te  cobalt-am ine  
s t r e tc h in g  f re q u e n c ie s . The s p e c tra  o f th e  th re e  c o b a lt h a l id e - a n i l in e  
complexes a re  shown in  F ig u re  6 . 10* The p a t te r n s  o f  each s p e c tr a  a re  
q u i te  s im i la r .  Only one band appears  to  be halogen-independen t ^ d  t h i s  
band ( in  th e  230 cm  ^ re g io n )  i s  th e re fo re  ass ig n ed  to  a o o b a l t - a n i l in e  
s t r e tc h in g  v ib r a t io n .  Most o f  th e  bands fo r  th e  c h lo r id e  complex a re  
seen in  th e  co rresp o n d in g  bromide and io d id e  com plexes, but t h e i r  freq u ­
e n c ie s  decrease  in  th e  o rd e r  C l>Br>I. The bands a t  320 om*'\ 300 cmT  ^
and 248 cm  ^ and 209 cm  ^ have been a s s i g n e d ^ b y  Sharp and co-w orkers
^®^fC6- C l ) ’ % o -B r) ^ C o -I)  s t r e tc h in g  v ib r a t io n s  r e s p e c t iv e ly .
In  a l l  oases in  th e  p re se n t work, on ly  one band, which cou ld  be
Liu
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TABLE 6 .5
PAR im ABED (400-30  om'^h ABSORPTIONS ERECLIIEI^ CIES 
POR THE COBALT HALIDE (C^^) COMPLEXES.
Complex 2 ,^ V f(M-L) ^(M-X U nassigned
C o(an ilin e)2 C lg 231(a) 320(a)
O o (an ilin e)2 B r 226(a) 248(a)
C o (a rd lin e ) 231(a) 209(a)
C o(m -olilo roan iline) Olp 230(a) 329 (a)
C o(m -ohloroan ilin0) gBr^ 236 (ah) 244 (a)
C o (m -o h lo ro an illn e)g ig 230(a) 199 (a)217 (a)
300(a) 86(a) 135(s) 209(w) 370(a)
74(m) 99(w) 122(m) 194(m) 358( 8) 380(m) 
70 (a) 112(a) 161(a ) 348(a) 
368(w) 389(w) 
301(3) 72(m) 100(w) 111(w) 133(w)
253(a) 345(s) 359(a) 378(a) 
164(a) 214(a) 275(b)
70 (m) 92 (m) 1l6(m) 164(a) 
246( 3) 372(a)
m = medium; s = s tro n g ; sh = sh ou lder; w = weak,
c o n f id e n tly  a ss ig n ed  to  a o o b a l t- a n i l in e  s t r e tc h in g  v ib r a t io n ,  has  been found 
(Table 6 . 5 ) •
G eneral C onclusions.
As expected  th e  f a r  in f r a r e d  s p e c tra  o f th e  s u b s t i tu te d  a n i l l i n e  
complexes a re  more com plica ted  th a n  th e  co rrespond ing  p y rid in e  com plexes.
The r e s u l t s  o b ta in ed  in  th e  p re se n t work agree w e ll w ith  group th e o re t ­
i c a l  p re d ic t io n s  f o r  th e  t e t r a h e d r a l ,  polym eric and te tra g o n a l  com plexes.
The r e s u l t s  f o r  th e  o c tah ed ra l (O^) complexes however, a re  r a th e r  incon­
c lu s iv e ,  bu t i t  i s  to  be expected  th a t  complexes having  th e  h igh  symmetry 
o f  t h i s  group w i l l  be a f fe c te d  more by s o l id  s t a t e  e f f e c t s .  The n ic k e l-  
a n i l in e  s t r e tc h in g  fre q u e n c ie s  a re  f a i r l y  c lo se  to  200 cm"*^  f o r  a l l  th e  
complexes s tu d ie d  in  th e  p re se n t work. The v a lu e s  o f a n i l in e )
133 r
( 22^f o r  th e  t e t r a h e d r a l  com plexes, a re  r a t h e r  h ig h e r ,  a s  was fo u n d '  ^ w ith  
th e  p y r id in e  sy stem .
Fo r e l a t i o n s h i p  i s  found betw een th e  v a lu e s  o f  ^ j j i „ a n i l i n e )  
th e  amine l ig a n d  f i e l d  s t r e n g th .  S t e r i c  e f f e c t s  a re  e v id e n t when th e  
a n i l in e  i s  s u b s t i tu t e d  i n  th e  ^ - p o s i t i o n ,  r e s u l t i n g  in  a  lo w e rin g  o f
^ M - a n i l i n e )  *
The r e s u l t s  o f th e  p re s e n t  work in d ic a te  t h a t  b r id g in g  th io c y a n a te  
g ro u p s , ( in  th e  p y r id in e  and a n i l i n e  system s a t  l e a s t )  may be re c o g n is e d , 
and d i s t in g u is h e d  from  te rm in a l  th io c y a n a te  g ro u p s , by th e  ap p earan ce  o f
u. -■]a s tro n g  band a t  a p p ro x im a te ly  15o -12  cm a s s ig n e d  t o  th e  n ic k e l - s u lp h u r  
s t r e t c h i n g  v i b r a t i o n .  S im i la r ly ,  b r id g in g  se le n o c y a n a te  g roups may be 
i d e n t i f i e d  by a  s t r o n g  band a t  137~3 a s s ig n e d  t o  •
F ic k e l-b ro m in e  and n ic k e l - io d in e  s t r e t c h i n g  v ib r a t io n s  have been  
found to  occu r i n  th e  l80  cm  ^ and 145 oni ' r e g io n s  r e s p e c t iv e ly .
R a tio s  o f  B r ) ^ ^ R i- C l )  t e t r a g o n a l  com plexes a g re e  w e ll  w ith
th e  r a t i o  f o u n d f o r  com plexes o f  th e  ty p e  [M(Co)g.xl and [m(Co) .X„1
(M = f i r s t  row t r a n s i t i o n  m e ta l ,  X = h a lo g e n ) .
C O l ' T C L U S Î O Î T S
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The o b je c t  o f  th e  work h as  been  to  p re p a re  some s u b s t i tu t e d  
a n i l in e  com plexes o f  v a r io u s  m eta l s a l t s  and , where p o s s ib le ,  t o  compare 
th e  p r o p e r t ie s  o f  th e s e  com plexes w ith  th o se  o f th e  c o rre sp o n d in g  p y r id in e  
compounds.
I t  has  been  found t h a t  a n i l in e  l i e s  lo w e r i n  th e  sp e o tro o h e m ica l 
s e r i e s  th a n  p y r id in e ,  and t h i s  may be a t t r i b u t e d  to  th e  g r e a t e r  b a s i c i t y  
o f  p y r id in e  and to  i ts T T - a c c e p to r  c a p a c i ty .  Maximum c o o rd in a t io n  ( i . e .  
fo rm a tio n  o f  h e x a k is - a n i l in e  com plexes) w ith  th e  a n i l i n e s  h as  been  ach ie v e d  
f a i r l y  e a s i l y ,  w hereas w ith  p y r id in e  t h i s  i s  e x tre m e ly  d i f f i c u l t ,  p resum ably  
b ecau se  o f  th e  s t e r i c  h in d ra n c e  a f fo rd e d  by th e  p y r id in e  r in g  and th e  la c k  
o f  f l e x i b i l i t y  o f  th e  m e ta l- n i t r o g e n  bond w ith  p y r id in e ,  compared w ith  th e  
m e ta l- n i t r o g e n  bond w ith  a n i l i n e .
S tu d ie s  o f  e l e c t r o n i c  s p e c t r a  have in d ic a te d  t h a t  t h e r e  i s  an  
app rox im ate  r e l a t i o n s h i p  betw een  lODq and th e  pKa v a lu e  f o r  a  p a r t i c u l a r  
a n i l i n e .  F o r t e t r a g o n a l  com plexes, p la n a r  and a x ia l  l ig a n d  f i e l d  comp­
o n e n ts  have been  e v a lu a te d  and i t  h a s  been shown t h a t ,  i n  g e n e r a l ,  f o r  a 
s e r i e s  o f  com plexes o f  th e  ty p e  t r a n s - M L h a v i n g  th e  same a x ia l  l ig a n d s ,  
an  in c r e a s e  i n  th e  p la n a r  f i e l d  i s  accom panied by a  d e c re a se  i n  th e  a x ia l  
f i e l d .  Thus i t  i s  a p p a re n t t h a t  th e  l ig a n d  f i e l d  s t r e n g th  o f  a  p a r t i c u l a r  
l ig a n d ,  i n  a com plex o f  mixed l ig a n d s ,  i s  h ig h ly  dependen t on th e  n a tu re  
o f  th e  o th e r  l ig a n d s  p re se n t*
S tu d ie s  o f  some n ic k e l  th io c y a n a te  and n ic k e l  s e le n o c y a n a te  comp­
le x e s  have in d ic a te d  t h a t  th e  s to ic h io m e try  o f  th e  com plex dep en d s, t o  some 
e x te n t ,  on th e  p o s i t i o n  o f  th e  s u b s t i tu e n t  i n  th e  a n i l i n e  l ig a n d .
F a r  i n f r a r e d  s tu d ie s  have shot-m t h a t  th e  s p e c t r a  o f  a n i l i n e  comp­
le x e s  a re  f a r  more c o m p lic a te d  th a n  th o s e  o f th e  p y r id in e  com plexes, p r e s ­
umably b ecau se  th e  g r e a t e r  f l e x i b i l i t y  o f th e  a n i l i n e  l ig a n d s  p e rm its
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wagging, roolcing and defo rm atio n a l modes which cannot occur w ith  p y r id in e . 
M e ta l-a n ilin e  s t r e tc h in g  f re q u e n c ie s  have been lo c a te d  in  th e  195-220  cm  ^
re g io n .
Group th e o r e t ic a l  p re d ic t io n s  and experim en ta l r e s u l t s  ag ree  q u ite  
w e ll .  However, i t  w il l  be n ece ssa ry  to  o b ta in  d a ta  on th e  d e u te ra te d  
complexes and Raman d a ta ,  b e fo re  a com plete assignm ent o f th e  low -frequency 
bands can be a ttem p ted .
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